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URIVEBSIT1 

ELEMENTS OF ANATOMY. 



INTRODUCTION. 



Anatomt, in its most extended sense, is tl^e science which deals with the 
strnctare of organized bodies. It is divided into departments according to its 
subjects ; sach as Human Anatomy ; Comparative Anatomy, or the study of the 
structure of different animals ; and Vegetable Anatomy, comprehending the 
structure of plants. 

On examining the structure of an organized body, we find that it is made up of 
members or organs^ by means of which its functions are executed, such as the root 
stem and leaves of a plant, and the heart, brain, stomach and limbs of an animal ; 
aud farther, that these organs are themselves made up of certain constituent 
materials named tissues or inures, such as the cellular, woody, and vascular tissues 
of the vegetable, or the osseous, muscular, connective, vascular, nervous, and other 
tissues, which form the animal organs. 

Most of the tissues occur in more than one organ, and some of them indeed, as 
the connective and vascular, in nearly all, so that a multitude of organs, and these 
greatly diversified, are constructed out of a small number of constituent tissues ; 
and parts of the body, differing widely in form, constniction, and uses, may agree in 
the nature of their component materials. Again, as the same tissue possesses the 
same essential characters in whatever organ or region it is found, it is obvious that 
the structure and properties of each tissue may be made the subject of investigation 
apart from the organs into whose formation it enters. 

The foregoing considerations have led to the subdivision of anatomy into two 
branches, the one of which, under the name " Greneral Anatomy," or " Histology,** 
ti^eats of the minute structure of the component tissues of the body ; the other, 
named '* Special or Descriptive Anatomy,*' treats of its several organs, members, and 
regions, describing the outward form and internal structure of the parts, their 
relative situation and mutual connection, and the successive conditions which they 
present in the progress of their formation or development. 

To the description of the origin and formation of organs in the embryo, a special 
chapter is devoted in this work, under the name Embryology. 

The study of anatomy may be viewed in two different aspects ; viz., the physio- 
logical and the morphological. In the former, anatomy supplies the materials 
relating to structure from which an explanation is sought of the uses or functions 
of organs by the physiologist ; and for this purpose the study of histology is of 
particular service. In its morphological aspect, anatomy investigates and combines 
the facts relating to the structure and relations of organs, from which may be 
deduced general principles as to the construction of the human body or that of 

VOL. z» B 



2 INTRODUCTION. 

animals. In the determination of these general principles, or laws of morphology, 
it is necessary to combine the knowledge of the anatomy and development of 
animals with that of man. 

PIiAN OF ORGANIZATION. 

Vertebrate type. — ^The general plan of constmction of the human body agrees 
closely with that which prevails in a certain number of animals, viz., mammals, 
birds, reptiles, amphibia, and fishes, and is known as the vertebrate type of organi- 
zation. The main feature of that type, and that from which its name is derived, 
belongs to the internal skeleton, and consists in the existence of a median longi- 
tudinal column, which extends through the whole trunk, and is composed in the fully 
developed state of a series of bones termed vertehrcB. This vertebral column is formed 
in the early embryo around a simple rod-like structm*e, the primitive skeletal axis, 
which is called the notochord, and which in most vertebrate animals disappears to a 
greater or less extent in the course of development. The more solid portions of the 
vertebrae immediately surrounding the notochord are known as the bodies or centra 
(figs. 2 and 3), and constitute a pillar around which the other parts are grouped 
with a certain regularity of structure. At one extremity of this piUar is situated the 
?ieady showing in almost all the animals formed upon this type a greater development of 
its constituent parts ; and at the other the tail in which an opposite character or that 
of diminution prevails ; while on the sides of the main part or irunky there project, 
in relation with some of the vertebral elements, two pairs of symmetrical limbs. 

The head and trunk contain the organs or viscera most important to life, such aB 
the alimentary canal and the great central organs of the vascular and nervous 
systems, while the limbs, from which such principal organs are absent, are very 
variable and difler widely in the degree of their development among the various 
animals formed upon the vertebrate type. In man and the higher animals the trunk 
is divisible into neck, chest, abdomen, and pelvis. 

The vertebrate form of skeleton is invariably accompanied by a determinate and 
conformable disposition of the other most important organs of the body, viz. : — 
firstly, the existence on the dorsal aspect of the vertebral axis of an elongated cavity 
or canal which contains the brain and spinal cord, or central organs of the nervous 
system ; and secondly, the existence on the ventral aspect of the vertebral axis of a 
larger cavity, the visceral cavity, body cavity or ccdom, in which are contained the 
principal viscera connected with nutrition and reproduction, such as the alimentary 
canal, the heart and lungs, the great blood-vessels, and the urinary and generative 
organs. 

The general disposition of the parts of the body and of the more important 
viscera in their relation to the vertebral axis are shown in the accompanying 
diagrams of the external form and longitudinal and transverse sections of the human 
embryo at an early period of its existence. 

Segmentation of the body. — The yertebrate type of organisation in the repetition of 
similar structural elements in a longitudinal series, has a segmented character, especially in 
the axial portion of the body, and this segmentation affects moie or less, not merely the 
skeletal parts of its structure, but also, to some extent, its other component oigans. 

A segmented plan of construction is by no means restricted to vertebrate animals, but exists 
in scTeral other classes of the animal kingdom, as is most conspicuously seen in the Arthropoda. 
such as insects and Crustacea, and in the Annelida or worms. These animals, however, although 
showing a serial repetition of parts of like structure, are not considered to belong to the verte- 
brate type of organization. 

In the human embryo, as in that of all vertebrate animals, the segmentation is most marked 
in the muscular system, the nervous and osseous systems becoming for the most part corres* 
pondingly marked off : in the adult the osseous and nervous systems retain in great measure 
the segmentation which has thus been produced, although in the muscular system it has 
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/, I, indications of the tertebnil diviniona aloog the line of the back ; r, v, upper limb ; (, /, lower 
limb : u, umbilical cord. In the cntoinl pnrt tlie'divieions of the bmia ure ia<lies,te<i, together with 
the eje, and aii, the auditory vesicle ; near i, tbo Tiscetal aicLes and clefla o£ the head, forming inter 
alia tha nidimenla of the upper and lower jaws. 

Hg. 2. — SEUIDfAaR^HlLlTIC VIE\T Of A LONQItnTlIHAL eSCTTON Or THE HBBTO REPKESENTED HC 

1, 2, 3, 4, 5, primary dtTiHinnB of the brain in the cranial part of the neural canal ; n, n, spinal 
cord in the Tertebral part of the canal ; s, apinouti process of one of theTcrtebne ; ch, chorda dorealismn- 
ning through the asis o£ the vertelirai centra : cA', tie same extending into the base of the cranium : o, 
dorsal aorta ; p, pharyngeal carity ; i, i, alimeiitury canal : k, reiitricular part of the heart, with 
which the arterial bulb is seen joining the aorlii by arches ; 6, visccnil arches of head ; I, liver ; w. 
Wolffian body ; i^, urinary rcaidc or allantois, joiuiug the intestine in the cloaca, cl ; u, »', umbilicua. 



Fig. 3.— Thassve 



'ION (niAGRAHllAtCc) 



(Allen Thomson.) 
irsal arch, including bone, muscle, ekin, roots ot the nerrea, Jtc. ; 



ni, spinal cord ; », neural oi 
ch, chorda dorsalis, surrounded by the vertobral body or cen(jum ; u, ventfal . . 

ot the body ; p, p, body cavity ; i, aJimenlary canal ; h, heart ; I, I, the rudimentary limbs. 



n ; N, neural cavity ; 7, carity of the chest, riaceral cavity. 
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bfloome greatly obecared. To the original segmento in the embryo the terms protovertehra, 
mBiobUutic somitM or myotomes have been applied ; those segments or metameres which are 
traceable in the adult are often spoken of as vertebral segments. In the limbs, although there 
is strong reason for believing that they have originated as outgrowths of certain segments of 
the trunk, the repetition of such yertebral elements, and their primitiye connection, are 
greatly obscured. 

Eomology. — ^A certain agreement in stmcture, situation and connection of 
parts or organs constitutes what is called homologyy and this term is generally 
employed to indicate the morphological identity of representative parts in different 
animals, which may be considered to have its cause in community of origin {hcnu>- 
ffpTif/, Lankester), while the anatomical correspondence of parts which are repeated 
in the same animal may be more exactly distinguished as serial homology (homo- 
dynamy^ Gegenbaur). Thus the arm-bone or humerus of a man is homologous 
(liomogenetic) with the upper bone of the fore limb of a quadruped, or of the wing 
of a bird, while it is at the same time serially homologous (hemodynamic) with the 
thigh bone of man himself, or any other vertebrate animal. It has farther been 
found convenient to express by the word analogy that kind of resemblance among 
the organs of animals which depends upon similarity of function, and although it 
may be accompanied by considerable agreement in structure, yet is not rendered 
complete by anatomical relation and connection : for example, the gills of a fish, .of 
a crab, and of a mussel, serving the same function, are analogous organs, but in no 
sense homologous, as all morphological correspondence, or genetic relation, is wanting 
between them. Thus also, the upper limb of a man, the fore limb of a quadruped, 
the wing of a bird, and the pectoral fin of a fish are homologous but not analogous 
structures, the wing of a bat and the wing of a bird are both homologous and 
analogous, while the last is analogous to but not homologous with the wing of an 
insect. 

Symmetry of form. — A remarkable regularity of form pervades the organi- 
sation of certain parts of the body, especially the whole of the limbs, the head and 
neck, and the framework, at least, and external walls of the trunk of the body. 
Thus, if we conceive the body to be divided equally by a plane which passes from its 
dorsal to its ventral aspect {msdian plane), the two halves, in so far as regards the 
parto previously mentioned, correspond almost exactly with each other, excepting by 
their lateral transposition, — and the human body thus shows in a marked manner 
the character of bilateral symmetry. There is, however, a departure from this 
symmetrical form in the developed condition of certain of the internal organs, such 
as the alimentary canal from the stomach downwards, the heart and first part of the 
great blood-vessels, the liver, spleen, and some other viscera. 

Descriptive terms. — In the description of parts so numerous, so various in 
form, and so complex in their connections as those composing the human body, there 
is difficulty in finding terms which shall indicate with sufficient precision their 
actual position and their relation to the rest of the organism. This difficulty is 
farther increased by the exceptional erect attitude in which the trunk of the human 
body is placed as compared with the horizontal position in animals. Hence, a 
number of terms have long been in use in human anatomy which are understood in 
a technical or restricted sense. For example, the median plane, already referred to, 
being that by which the body might be divided into right and left lateral halves, 
and the middle or median line being that in which the median plane meets the surface 
of the body, the words internal and external are used to denote relative nearness to 
and distance from this plane on either side, and may be replaced by mesial and 
lateral The terms mgittaly frontal, and coronal, are also used in indication of 
direction within the body : sagittal denoting a dorso-ventral direction in or parallel 
to the median plane, frontal or coronal a transverse direction perpendicular to that 
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plane. The words anterior and posterior , superior and in/enor, and several others 
indicating position, are employed in human anatomy strictly with reference to the 
erect posture of the body. But now that the more extended study of comparative 
anatomy and embryonic development is largely applied to the elucidation of the 
human structure, it is very desirable that descriptive terms should be sought which 
may without ambiguity indicate position and relation in the organism at once in 
man and animals. Such terms as dorsal and ventral, neural and visceral, cephalic 
and caudal, central and pertpherdly proximal ejA distal, axial and appendicular, pre* 
axial and postaosial, are of this kind, and ought, whenever this may be done con- 
sistently with sufficient clearness of description, to take the place of those which are 
only applicable to the peculiar attitude of the human body, so as to bring the 
language of human and comparative anatomy as much as possible into conformity. 
In many instances, also, precision may be obtained by reference to certain fixed 
relations of parts, such as the vertebral and sternal aspects, the radial and ulnar, 9LnA 
the tibial and fibular borders, the flexor and extensor surfaces of the limbs, and 
similarly in other parts of the body. 



EMBKYOLOGY.* 

By E. A. 8CHAFEB. 

*—^ 

FOHMATION OF TH3B BIiASTODEBM. 

BTBUOOTTRS OF THX OVUM AKD OHANaiBB PRIOR TO BXaMBNTATION. 

The human body with all its tissues and organs is the product of the development 
of a single nucleated cell, the egg-cell, germ-cell, or ovum, which is formed within 
the priticipal reproductive organ of the female or ovary. The conmiencement of 
development is preceded by certain changes in the ovum, which usually occur soon 
after its discharge from the ovary, and consist (1) in the emission of certain 
constituents of the nucleus which form the so-called polar globules ; (2) in the 
accession. of the nucleus of a sperm-cell or spermatozoon, which is formed within the 
leproductive organ of the male (testicle), and which, blending with the remaining 
piurt of the nucleus of the ovum, appears to take the place of the part which was 
discharged in the form of the polar globules. 

An account of the structure of the ovum, and of the manner in which the above 
changes are effected, may therefore appropriately precede the description of the 
actual course of development of the ovum. 

Stracture of the ovarian oynm. — The human ovum resembles that of all other 
mammals (with the exception of monotremes) in its minute size. Immediately 
before the time of its discharge from the Graafian follicle of the ovary in which it 
has been formed, it is a small spherical vesicle measuring about rlrth inch ('2 mm.) 
in diameter, and is just visible as a clear speck to the naked eye. When it is 
examined with the microscope, it is found to be invested by a comparatively thick, 
clear covering. This, when the centre of the ovum is exactly foqussed, has the 
appearance in optical section of a clear girdle or zone encircling the ovum (fig. 5), 
and was hence named zona pellucida by von Baer (1827). But on more carefU 
examination with higher magnifying powers, and especially by the examination of 
sections, there is not much difficulty in making out the existence of strisB passing 
radially through the membrane (fig. 6, 2p). On this account, and especially since a 
similar radially striated membrane forms a characteristic part of the investment of 
the ovum in many animals belonging to widely different classes, it is more convenient, 
in place of the name zona pellucida, which has been exclusively used to designate 
this investment in manmials, to employ the more general term zona radiaia^ or to 
speak of it simply as the striated membrane of the ovum. 

The zona radiata of the mammalian ovum is sufficiently tough to prevent the 
escape of the contents of the ovum, even when subjected to a considerable amount 
of pi'essure. If, however, the pressure be excessive, the tunic splits, and the soft 

1 It 18 mainly owing to the researches of His, published principally in the important monograph 
'* Anatomie menschlicher Embryonen " (Leipzig, 1880-1885), that our knowledge of the development of 
ihe human embryo is now far more complete than was the case when the last edition of this work was 
undertaken, and we are therefore able to keep more closely than was before possible to the human 
species in following the course of derelopment of the ovum. For the elucidation, however, of many of 
^e details of development, especially in its earlier stages, it wiU still be necessary to refer continuaUy 
to facts which hare been made ont only from the study of the embryology of other mammals, as ^ ell as 
birds, reptiles, fishes, and even invertebrata. 
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oontents ore extruded (fig. 5, i>). The stnee in tbe membrane are believed to 
be minnte pores, and are supposed, while the ovum is yet within the Graafian 
follicle, to permit the passage of grannies of nutrient material, into theinterior of 
tbe ovnm. After the ovum ia discharged fixim the follicle, the spermatozoa may 
perhaps find their way into tbe ovum throngh these pores. According to Betzius 
the protoplasm of the ovnm is united with the foUicle-cells by fibres which pass 
throngb the pores of the zona. 

Immediatelj nuTonndiiig the zona radiata, as the omm lies within the matnie Graaflan 
follicle, is ft thin etratnm of Rraunlar Enbatance. probably depoeited apon the exterior of the 
Oram bj the innermoBt cella of the discus proligenu, whicb immediatelj encircle the ovum 
^thinthe follicle. When the Graafian follicle burata and the ovum is eet free, thig fftanulat 
material appears Ut imbibe water, and, as is specially noticeable in the ovnm of the rabbit, 
Bwella up into a clear gelatinous envelope, wbioh has been termed, from a possible homoloiiy 
with the white of the bird's egg, the albvmen. Bnt in the mammal this structiue hoe not 
the nutritive importance to the embryo which is possessed by the oorresponding formatioq 
in the bird, and it disappears during the passage of tlie ovum down Uie_ Fallopian tube. 

The substance of the ovum within tbe tunica radiata is known as the viUllua 
or yolk (fig. 6, vi). It is a soft semi-fluid substance, composed mainly of proto- 
plasm, which is filled with globules and granules (yolk-granules) of difi'ereiit 





Fig. 5.— OVAKUH OVITX 07 A HAMHUEIL (AUeD ThomBOQ. ) 

a, tbe entiTe ovniti, viewed under preneure ; the granular cella have beea removed from the enter 
surfaM, tbe germinal vesicle is aecn in the yolk snbatance within ; b, the external coat or lona bunt bf 
increased preasure, the yolk proloplasin and the germinal veaicle having escaped from witiiin ; c, geimi- 
Dal veaide mora freed from the yolk aubatance. Ia all of them the macula ia^een. 



Pig. 6.— OvcM 



r, vitelius, round which 



ic. (E. A. S.) 

1 delicate membrane is 



sizes, but all small, and possessing a high index of refraction. Examined in the 
fresh condition, the protoplasm between the granules looks perfectly clear aud 
structureless, but after treatment with suitable reagents, it may be seen to consist of 
a fine reticulum, which is especially fine aud close near the periphery of the ovum, 
and also around the germinal vesicle, at which places the yolk granules are in less 
amount than:elsewhere. Tbe substances which occur within an ovum other than 
the nucleus and protoplasm, may, as in cells generally, be collectively designated 
" dentoplasm " ; they are regarded as furnishing a supply of nutrient matter to the 
protoplasm during the earher stages of development. 

Embedded in the protoplasmic vitellug, nsually eccentrically, is a lai^ spherical 
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nucIeoB, which waa tenned by its diecorerer, Porkinje, the germinal veakU.^ This, 
which is about -Hhs'-h inch in diameter, has all the characters of the nuclenB of a 
cell. It consists of a nuclear membrane enclosing a clear material or matrix, 
embedded within which may be seen strands of karyopiaem, enclosing one or more 
well-marked nucleoli (fig. 6, ffv). Frequently there is bnt one nucleolus, which is 
then large and prominent, and has received the name of germinal spot {macula gtr' 
minaiiva, Wagner, 1835). 

Thera is some donbt whetlieT, before fertUization, there is another membrane (vitelline 
membrane) encloain^ the viteUoE within ^e zona radiata. The evidence of the presence of 
anch a membrane it by no means clear, althongh tie existence has been maintained bj very 
competent observers (v. Beneden, Balfoor). 

The mammalian ovum (that of monotremes alone excepted) differs from that of other 
vertebrates in the relatively small amonilt of nntritive material (yolk granules, dentoplasm) 
which is embedded in its protoplasm. In Bshes, amphibia, reptiles, and especially in birds. 
the amount of sach nntritive material is vastly fn'eater than that of the protoplasm itself, m 
that the very existence of the latter is obscnred in moat parte of the ovom, and it is only In 
the immediate neighbourhood of the germinal veeiole that the protoplasm can be distinotly 
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t XIBOBUSnO (TILOLBCITBAb) 

O11I7 a small part of tlie latter is represented. The ^Ik or food material is repreaeoted in both bjr 
clear globules, which in B are seen vastly to preponderate, except in the immedi&te neighboorhoocl <rf 
the g^nainat vesicle. 

recogTiized (%. 7, B). It is here also that, after fertolimtion, the more active changes in the 
ovum occnr, and it is this part alone in which in the bird and most other oviparons vertebrates 
the process of division or segmentatioa of the yolkandoonseqaent formation of embryoniooelli 
proceeds. Hence these ova are said to undergo a process of incomplete segmentation, only a 
part of the ovum appearing to undergo development, and they are accordingly termed mn'n- 
blattie to distinguish them from those (like the mammalian ova) in which the yolk or nutri- 
tive material is everywhere in relatively small proportion to the protoplasm, the ic/toU d 
which undetgoes division after fertilimtion, and participates in the formation of the embryo 
(_Ajiloblii.iiic ova). This small amount of nntritive material in the mamiDal is obvioufly 
related to the fact that the mammalian ovum early acquires an attachment to the maternal 
system from which it is then able direatly to derive its nutriment, whereas the meroblastio 
ovum of oviparous vertebrata necessarily contains all the nutriment required by the developing 
bird, reptile, or fish, untQ it is sufficiently advanced in development to emei^ from the ^g 
and obtain food independently. Although, however, the mammalioa ovum is holoblastio, it 
is none the less clear, from a comparison of the early stages of its development with that of 
the bird, that the ancestors of the mammalia must have had ova of the meroblastic type, 

Balfour has further oonveniently distinguished between those ova in which there is a great 
accnmulation of nntritive or yolk material at one pole itelolecitlial ova, ae in the bird, 
reptile, and fish amongst vertebrates), those in which the accumulation of yolk ia in the middle 
of the ovum {ci-ntrolectt/ial ova, as in arthropods), and those in which it is scattered pretty 
eqtially in small amount throughout the protoplaun without any very marked aocumnlatioii 
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MATURATION OF THE OVDM. 

(aUeithal otk, as in nununuls, Amphioxni, eohinodenna). 
of ansngemeiit of the proto- and denUi-plasm within tlie ot 
mlniog ToriatioDS in the prooeas of aegmentation. 

Katnration of the ovum. ronoatioD of polar ^obnlas. — Either before 
its escape trom tbe Graafian tbilicle, or immediately after, the ovum imdergoes a 
peculiar change, prenaratory to, but nevertheless altogether independent of fertiliza- 
tion, which consists of a process of unequal cell-division or germination, and resalte 
in the extrusion from the vitellus of two minute spherical bodies (fig. 8), which have 

BOOBS Ams iKPiBdRAtioii. (Bischoff.) 
On the KID& a, sp«rmatoioa &re Ken, and othen in the periTitellins ' ^^ 
•pace ; b, the polar glabnles. ' 

beea termed the polar glabuUs or directive corptadea, 
from a snpposition that their presence determines the 
pole at which the first segmentation will take place 
should the ovum become fertilized. It is, however, 
uncertain whether there is any constant relationship of 
this kind, but it is none the less clear that the extrusion 
of the polar globales is an event of the highest importance for the due development 
of the ovom, since until this has happened the ovum appears to be incapable of 
complete fertilization and segmentation.' What is actually extruded is a small part 
of the nucleus of the ovum, or, to speak more precisely, two small parts of its nuclers 
in succession, probably surrounded by a very thin investment of protoplasm. Prior 
to this extrusion, the germinal vesicle approaches the periphery of the viteUus, loses 
its distinctness of outline, and afler passing through phases which are charac% 
teristic of a nucleus which is about to divide, does actually undergo a division into 
two, the one part being extmded into a spac^ (peri vitelline), which has become 
formed in consequence of the shrinking or contraction of the ovum, and the other 
part remaining in the vitellus, only, however, to repeat the process of division, and 
to form a second extruded globjile. The.remainder of the germinal vesicle, which is 
now termed the/enwfcpro-nMcfoua, leaves the periphery of tbe vitellus for a situation 
nearer to the centre, where, if fertilization should supervene, it awaits tbe advent of 
the male pro-nutlmis, which is formed from a spermatozoon. After the two pro* 
nuclei baye come together, a new and complete nucleus is formed by their conju- 
gation. 

The Bctnal formation of polat fflobnlea haa not hitherto been obaerved in the htunan oinm, 
although there is no doubt whatever that it talcea place. In the rabbit varions atajfea in the 
procem have been traced b; E. t. Benedeu and K^, and it hue also been noticed in other 
mammala. But the detftiU of the process have been made out mout precisely (by Fol, Hertwift, 
and others) in the transparent ova of echinoderms, and more recently and minutely (by 
EL V. Beneden, Carnoy, Boveri, Zacharias, and others) in Ascahs megalocephala, a threAd-wonn 
parasitic in the horse, in which all the changes can be followed in one and the same otutd, 
01 the varions phases fixed by means of leajrents in different ova. and these may afterwards bo 
stained and studied with the utmost minuteness. He succesHive changes in such ov* are 
represented in fi^s. 9 and 10. The polar globules remain visible for a time in the peri- 
vitelline fluid, and are even seen, should the ovnm become fertilized, during the early stages of 
sefrmentation, but they nltimately disappear and are not known to Ulie any farther part in 
the subsequent changes which the ovnm undergoes. 

The fact that throughout the whole animal kingdom the extrusion of polar globules from 
the ovnm as it becomes matore is almost universal, and that a similar process has also been 
observed to occur in plants indicates the great importance of the phenomenon. The dgnifi- 
canoe will be further discussed after tbe prooess of fertiliiation of the ovum haa been 
described. 

' The ovum may, however, receive a ipennatcaoon before the eoupletion of the formation ol polar 
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Fig 9 — FORHAIIOH 



A. The OTum nth tbe gemiiiial veeicle transfonaed into & spindle of (scEiioTnatic) 6bnh from tha 
poles of tbe spiiidle other fibiile iHdiate into the protoplasm. At the equator of the spindle eight 
portions of chromattn are visible ci head of a spermalozaon which has previously entered the OTom, 
and IS becoming transfonned into the male pro nucleus , m, gelatinous membrane of the ovum. 

B. The chromatin particles ore seen separated into two sets. The achromatic fibrils ace not shown 
in this preparation. The ovum is coneiderably shrunken. 

C. Half of the germiiml Teside is extruded into a penritelline space, and along with a portion of 
protoplasm is becoming separated off from the ovnm as a polu globule. The extruded half includes 
foar of the cbroinBtin particles i the other fooi remain in the ovum ; nt', membrane dividing the poUr 
globale from the ovum. 




A. The remainder of the genninat vesicle [after 
extrusion of tbe first globule, g^) has again become 
transformed Into a spindle of achromHtic fibrils, 
with the tonr remaining chromatin porticlesat the 
equator of the spindle, 

B. Thespinille, now irregularly Y-shaped, is seen 
approaching tbe surface of tbe ovum : rr', liiBt polar 
globule ; ni, male pronucleus which has become 
formed from a spermatnioon. 

C. Extrusion of half of the germinal vesicle 
lemsisder. 

D. Completion of the process ; the Mcnnd polar globule, ,'/-, is now scporaled from the ovum ; iii 
contains two of the chromatin particles. The other two lemain in what is left of the germinal vesicle, 
n* which now forms the female pronucleus ; m, male pronucleus ; g', finit polar globule. 



FERTILIZATION. 



a 



m. — The oTum, after its ezpnlsion from tbe Graafian follicle is 
received npon the fimbriated end of tbe Fallopian tube. The fimbrit^ are covered by 
a prolongation of the ciliated lining of the tube, and the action of the cilia serves to 
propel the minute ovnm into and along the tube towards the utems. In this 
passage it may, if impregnation InW occmred, meet with tbe spermatozoa, one or 
more of which may penetrate the zona pellucida, and fertilize the ovnm. It is 
possible in some instances ibr fertilization to occur on the fimbriated extremity of the 
tube, or in tbe body of the nterus, but it is probable that in most cases it happens 
in the tnbe itself. 

16 IB probable that nonnallj onlj a single spermntozooii enters the vitelluB. II it should 
happen that two or moie enter, nonnal development doea not aa a rule occnr. Exceptions to 
tbU rnla have, however, been recoided. 

The changes in the ovum which accompany fertilization have, like those which 
result in the formation of the polar globules, been studied most satisfactorily in the 
transparent ova of echinoderms and in Ascaris. In the former (fig, 1 1) the spermatozoa 
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Fig 11 PEBnLtZltlOR OF THE [TK 01 

( ■ponnatoioo mp maeponn eu fp temaepron clena 

I Acceaa on of u petmAUao n to be penpher; of the T tc ua 2 Its penetnt on, and the radial 
dupcMit on of the tnl«ll ne grann es 3 Tmnsf rma a of the head of the Bpermaluzoon nto Uie male 
pronneleas i & B«nd ngoE the ma e and female p dud e 



Inay be seen to penetrate the gelat nous nvestment wh ch here takes the place of a 
Eona pelluc da and the head of one only as a rule to imbed tself n the periphery 
of the ovum which becomes si ghtly protruded at the po nt of contact Accord ng 
to V Beneden s account the spermatozoon always enttrs n Ascans at a particular 
part of tl e ovum polar d sc at wh ch part there s an aperture n the v tellme 
membrane (micropyle) 'WTien once t has passed mto the o ura th s apertore 
becomes closed and the head of the spermatozoon rap dly mcreasts in size and 
acqn ree the appearance of a nu leus nhich in contra dist net on to tl e rema ns of 
the germ nal yes cle or female pro nu leus s termed the malejTro n k a Soon 
It leaves the per phery and passes towards the centre of tl e ovum n the direction of 
the female pr nucleus In its passage throi ^h the protoplasm t appe rs to oxer 
c se a pec 1 ar attract on Upon the granules n that sul stance for these become 
arranged n ts y c n ty n nd at g lines The ta 1 of the spermatozoon 
has n the meant me d sappeared n hether by b ng cast off or by blend ng w th the 
protoplasm of the ovum has not eerta ly been made out As the male pro nucleus 
approaches the female pro-nucleus, the latter moves somewhat to meet it, and pre- 
sently the two pro-nnclei come into contact and together form a new nncleus, com- 
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FERTILIZATION. 



plete in all its structure and functions. With the blending of the two pro-nuclei 
the act of fertilization is completed, and the ovum is now capable of forming 
new cells by division. Since the head of the spermatozoon is formed from the 
nucleus of a seminal cell, part of which appears to be thrown off prior to the com- 
plete maturation of the spermatozoon (Renson, Brown), and the female pro-nucleus is 
the nucleus of an egg or germ-cell, part of which has been removed in the form of the 
polar globules, the process of fertilization may be described as consisting essentially 
of the conjunction of part of the nucleoplasm of a sperm cell with part of the nucleo- 
plasm of a germ cell, the result being the production of a complete nucleus endowed 
with active properties of division and reproduction. 

Although, as has been already stated, the changes which have just been described are moet 
clearly to be seen, and have been most completely studied, in the ova of echinoderms and 
Ascaris, similar processes have been found to occur in most if not in all animals, and have . 
even been made out, although not very distinctly, in mammals (in the rabbit by v. Beneden). 
There is no doubt, therefore, that the phenomena of fertilization are essentially the same 
throughout the whole animal kingdom. As to the exact details of the process there is still 
much discrepancy in the accounts given by recent observers. Of all those that given by 
V. Beneden of the process of fertilization, and of the subsequent division of the resulting 
nucleus in Ascaris, is the Inost explicit, and appears to negative the idea of a complete fusion 
taking place between the elements of the pro-nuclei, at least so far as the chromatin is concerned. 
According to this account (v. fig. 12), each of the two pronuclei is seen to possess, previous to their 
conjunction, two short chromatin rods (chrovwsomci) imbedded in clear nuclear matrix. These 
rods undergo various changes, resulting in the formation of a skein within each pro-nucleus 
(II., III.), but eventually the skein resolves itself into two Y-shaped loops or filaments (IV., Y.)* 
On conjunction the matrix of the two nuclei may appear to blend, although it is doubtful if 
they actually fuse together, but the chromatin filaments retain their distinct individuality. 
The nucleus which is thus formed by the conjunction, contains, therefore, four similar Y-shaped 
chromatin filaments, which now split longitudinally (VI., VII.), and after being arranged for 
a time at the equator of the now spindle-shaped nucleus (VIII.), four of the resulting filaments 
pass towards the one pole, and form eventually the chromatin of the one daughter nucleus, 
and four towards the other pole, eventually forming the chromatin of the other daughter 
nucleus (XI., XII.). It is stated l)y v. Beneden that of each set of chromatin filaments, or 
chromosomes, which thus separate ^m one another, one half the number is derived from the 
male and the other from the female pro-nucleus. If this is the case, and if it should further 
be shown that in every subsequent process of division of the resulting cells, the chromatin 
filaments of the daughter cells are derived half from male chromatin filaments and half 
from female, it necessarily follows that every cell nucleus must be regarded as containing 
both male and female morphological elements. 

Meaning* of the polar globules. — Theory of Minot. — The question of the hermaphroditism 
of cells was first raised by 0. S. Minot in connection with the separation of the polar globules. 
According to the view advocated by Minot, every cell which results from the division of a 
fertilized ovum is hermaphrodite, for the fertilized ovum is formed by the union of both male 







Fig. 12. — Formation ahd conjuoation of thb pro*nuclei in ascaris mioalocephala. 

(E. V. Beneden.) 

/, female pronucleus ; in, male pronucleus ; jp, one of the polar globules. 

I. The becond polar globale has just been extruded ; boUi female and male pronuclei contain two 
chromatin particles ; those of the male pronucleus are becoming transformed into a skein. 

II. . The chromatin in both pronuclei now forms a skein. 

Ila. The skein in the pronuclei is more distinct. Two attraction-spheres, each with a central 
particle, united by a bpindle of achromatic fibres, have made their appearance near the pronacleL The 
male pronucleufl has the remains of the body of the spermatozoon adhering to it 

III. The pronuclei are enlarged ; the skein formation of the chromatin is complete. 



MEANING OF THE POLAR QLOBULEa 




Ilia. Only the female pronndeDB is ahoini in this figure. The akeiii of tbia ia cc>ntniel«il and 
thickened. The attraction -spheres ore near one side of the otudi. and itre connected vith its peripber; 
bf a cone of fibres forming a pclnr circle p.c. ; e.e. equatorial circle. 

Hit. The pronuclei have approseheii one another, and tho npindleBystein is now arranged across 
thait eommon axis. 

IT. Contraction of the skein and formation of two V-shaped chromn^a filaments in each pronnclens. 

T. The V-»haped chromatin filamenls a^ now quite distinct ; the male and female pronuclei are in 
cloM eontact. 

VI., Vll. The V-shaped filaments are splitting loDeitadinall; ; their structure of fine granules of 
chromatin ie apparent to Vll., which is more highl; magnified. The conjui^ation of the pronuclei is 
apparently complete io these figures, hot acconiing to y. Benedea'a description, the outlines of hoth 
can, under faiourable conditions, be still made out. The attraction spheres and achromatic spindle, 
although present, are not shown in IV,, V., VI. and VII. 

Till. Bquatinial arrangement of the four chromatin loopa in the middle of the now elongated ornm ; 
the achromatic gubsttDcs farming a spindle-shaped system of granules with fibrils raillating from the 
poles of the spinUlo (attraction-spheres) into the protoplasm ; commencing ditision of the oTum into 
two cells. 

IX. Shows diagram maticaliy the commencing separation of the chromatin filaments oE the con- 
jugated nuclei, and the syeleni of fibres radiating from the attraction -spheres. y.«. polar circle ; 
t.c. equatorial circle ; c.c. central particle. 

X. Farther separation of the chromatin filaments. Each of the central particles of the attraction- 
spheres has divided into two. 

XI. The ehromatia filaments are becoming developed into the skeins of the daughter nuclei. These 
an itill united by achromstic fibres. The protoplasm of the ovum is becoming divided, 

XII. The daughter nuclei exhibit a chromatin network. Each of the nttraction-spheres has divided 
Into two, which are joined by achromatic fibtes, and ore connected with the peripheij of the cell in 
the same manner as the parent sphere ihowii in Illn. ^^-—^ — — ^ 
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and female elementB, and every one of its deaeendante mnafc alao contain s eertain proportion 
of each. For the aeimal conjngaftion of two oeila it ia aaainned to be necesaaxy that the one 
ahoold get rid of the male eUmenta, and retain only the female, and that the other should be 
exdnsiTely male. This is effected in tJie one case, aoooiding to Minot^ by the extrusion of the 
polar globnlea, which, in this Tiew, represent the male element of the originally hermaphrodite 
generative cell, so that when they are extruded this remains wholly female ; in the other case 
there is also a separation, and the separated part becomes disint^rated, leaving only the male 
f^ \ portion, or spermatozoon — the separated part in this case represents, therefore, the female 
element of the generative cell. 
*" Theory of Welamann. — ^Minot*8 Uieory was adopted by Balf onr, who looked npon the 
formation of polar cells as having been aoqnired by the ovum for tJie express pnxpoee of pre* 
venting parthenogenesis. Aocoiding to this view no polar globules should be f (urmed in parth^ 
nogenetic ova, and it was believed by both Minot and Balfour that they would not be found 
to occur. It has, however, since been discovered by Weismann and Blochmann that parth»> 
nogenetic ova do extrude one polar globule, although the ordinary ova of the same animal 
exUnde two. 

It is clear that this fact renders a modification necessary in the view advocated by Hinot 
and Balfour. Such modification, or substitute, as it may perhaps more appropriately be 
termed, has been furnished by Weismann in his theory of heredity (^Vererbungtthforie). Thia 
theory assumes that every animal and vegetable cell contains two different kinds <^ living 
substance. These are termed by Weismann tJie nuclear plasma and the nutritive platma. The 
former is endowed, with germinative, directing and hereditary functions, the latter with 
assimilation of food and the more purely physical functions (contraction. nerve-condnctiAa, 
secretion, &c.), but these functions are assumed to be carried out under the directian ol the 
nuclear plasma. The nuclear plasma is further supiposed by Weismann to consist of two sub- 
stances, vix.. a germinal plasma which is the primitive form, and which alone is endowed with 
heredity, and a histogenetic plasma which has been derived from the germinal plasma, and which 
controls the divisian, growth, and differentiation of the celL Fertdlizatian consists in the 
brin^i.ng to the ovum, of a certain amount of germinal plasma from a different individual, 
and Wei^mxom assumes that it is necessary for the ovum, prior to fertilization and develop- 
ment, to get rid both of its old histogenetao plasma and of so much germinal plasma as may 
be brought to it by the spermatozoon, and that it effects this by the extrusion (1) of one 
(histogenetic) polar globule, (2) of the other (germinal) globule. If this is what happena, the 
primitive or {^'erminal plasma is never wholly eliminat^ed from the ovum, so that it may be 
looked upon as transmitting all the accumulated ancestral characters which have been derived 
from the vast number of its predecessoraL A portion is, however, got rid of in the form of 
the second polar globule, and what remains is not necessarily of quite the same constitution in 
every case, nor is the portion of germ plasma brought by the spermatozoon neceasarily always 
similar : these differences in the germinal plasma of the fertilised ovum may aocoont, accord- 
ing to Weismann, for the individual differences which occur in the progeny.^ 

Weismann and Ischikawa have shown that in some animalu the segmentation of the ovum 
may have advanced through one or two stages before the entry of a spermatozoon. In thia 
case the sx)ermatozoon (male pro-nucleus) blends with the nucleus of only one of the cella 
which have resulted from the assentation. Probably the sexual cells are the ultimate result 
of this conju^>ion. 
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SEGMENTATION OF THE OVUM. 



Segmantatioii of the ovnia — Immediately after-the completion of the process 
of fertilization, the ovnm begins to show sigos of division into two cells or segaiente. 
The division is preceded by the formation of a spindle-shaped syetem of achromatic 




..„. ... _-. MI-DUORAKMITIO. 

(Drawn by Allen Tbomaon after K, t, Beneden's deacripUon.) 

!.p, Eona pellucida ; p.gt, poUi globnlea ; n, diriaion into two BegmentB ; «d, larger and clearer 
Mgment ; ent, gmaller, more gnuinlar segment ; h, stage of four Begroents ; e, eight BeBmenta, the ecto- 
Dieras partially encloelHg the entoiperea ; d.t, succeeding stages of segmentation shoning the more rapid 
lUrision of the clearer segments and the enclosure of the darker segmcuta by them. 

fibres and by changes in the nucleus which are similar to those which take place in 
the division of an ordinary cell (v. Histology). According to v. Beneden's observa- 
tions in Aecaria these changes occur in each of the two pro-nuclei (fig. 12), and 
one-half the number of resulting V-shaped filaments then passes from each to form 
each daughter nucleus, which thus contains male and female chromatin elements in 
cqoal amount. Each of the two segments which are thus formed speedily again divides 
in the same manner, bo that four cells or segments now occupy the interior of the ovum. 
By a further process of binary division eight cells are formed, then sixteen, thirty-two, 
and so on until the originally simple ovum is eventnally subdivided into a large 
nnmher of small segments, each of which is a nucleated cell, wliich are aggregated 
into a solid spherical mass, not much larger than the original ovum, and known as 
the mulbenij mass. The cells are not similar throughout, for those at the surface 
are clearer and less granular than those which occupy the interior of the mass. 
According to v. Beneden's observations in the rabbit and bat, this difference in the 
appearance of the ceils is traceable even in the first pair of daughter cells, one of 
which is larger and clearer than the other, which is darker and more granular (fig. 
18, a)y The cells or segments which result from the division of each of these retain 
their respective characters, and since the clearer cells divide somewhat more rapidly 
than the darker ones, there are for a time at certain stages of the process of segmen- 
tation more of the clear cells ; thus, at one stage there are eight clear colls, and only 
four darker ones, the latter having not yet undergone division, and later there are 

rt that there U no diOerence in 
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siiteen dear cells and onlf eight darker cells, for the same reaBon. Farther, it it 
found that as the s^mentatioa proceeds the clearer cells occapy the Bnperficial part 
of the ovam and almost entirely enclose the grannlar cells which fill the interior 
(fig, 14, a). 

The ovum next undei^oes a rapid increase in size owing to the segregation of 
fluid between the clear superficial layer of cells and the enclosed granular segments, 
which thus become separated from one another except at one part (fig. 14, 6), At the 
same time the superficial cells moltiply, and, becoming flattened out like a pavement 
epithelium, form a membrane enclosing the contained fluid. The ovum is now a 
thin-walled transparent sac, occupied by fluid and enclosed by two membranes, one 




Fig. H.— Sbctiom o 




Kio vuicut. (E. v. Beneden.) 

a. Section iliawing the encloaure of darker cells, 
eni, bf clearer celle, fct ; b, mors advanced sUge 
in which fluid is beginntog ta accumulate be- 
tween the inner aod outer cells, the former ccm- 
pietelj endoBed ; c. the fluid has mach ibcreued. 
■0 that a luge apace seporateB inner from outer 
cells except at one part ; d, blastodermic vesicle, its 
wall formed of s layer of flattened cells, with a 
patch of dark granular cells adheriag to it at one 
port ; z.p., zona pellacida. 

being the thinned-out zona pellacida and 

the other the epithelial membrane just 

mentioned. Adherent to one part of the 

inner surface of this membrane is the 

little mass of dark grannlar cells which formerly occupied the whole interior of the 

mulberry mass, and these cells give to the part of the ovum where they occur a 

darker appearance, when it is viewed by transmitted light. At this stage of 

development the ovum has been termed the blaslodermk vesicU (fig. 14, c, d), 

althoagh the actual blastoderm is not yet foi-med. 

Pormatioit of tlw blastoderm. — Soon the grannlar cells arc found to be no 
longer accnmulated into a small mass but to be spreading out in the form of a 
lenuioolar patch over the inner surface of the vesicle. As this extension proceeds 
the innermost cells separate off as a distinct layer, the separation starting fVom 
the centre and progressing outwards. 

A section through the middle of the ovnm now shows three layers (fig, 15) : an 
outer, which is the epithelial membrane of the blastodermic vesicle (Rauber's layer); 
an inner, which may be termed the prmilive mtodirm, from the fact that it becomes 
the innermost layer of the blastoderm, and an ill-defined middle stratam of somewhat 
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FORMATION OF THE BLASTODERM. 



granular cells, which represents the remainder of the inner granular mass of the 
blastodermic vesicle after the separation of the subjacent layer. The three 
layers were believed by v. Beneden to represent the three permanent layers of the 
blastoderm. But it has been conclusively shown (by Rauber and Kolliker in the 
rabbit, and by Lieberkiihn and Heape in the mole) that the middle stratum of this 
stage of development is not the permanent middle layer of the blastoderm, for it is 




Fig. 15. — Section op part op the blastodermic vksiclb op the rabbit at six days. (From 

E. van Beneden.) 

a, upper layer (Rauber's cells) forming with 6, the primitive ectoderm ; c, primitive entoderm. 



zp 




eet. 



Fig. IC. — A sbotion through part op a bilaminar blastoderm of the cat. (E. a. 8.) 
ect^ primitive ectoderm ; ent^ primitive entoderm ; s.j>., thinned-out zona pellucida. 

before long converted into a layer of columnar cells which becomes closely applied to, 
and soon blends with, Rauber's layer, so that the two now form but a single stratum, 
which may be denominated the primitive ectoderm, 

Kolliker describes the cells of Raubexr's layer as undergoing a kind of atrophy and gradual 
disappearance, taking no part in the formation of the primitiye ectoderm. The obeerva- 
tions of Lieberkiihn and Heape, on the other hand, tend to support the view which has been 
gfiven in the text. 

Both layers, but especially the primitive ectoderm, are somewhat thickened near 
the middle of the ovum over a circular or oval area, which appears slightly darker 
than the rest of the ovum when this is viewed by transmitted light : it is known as the 
emhryonic area (fig. 1 7). The entoderm does not for a long time form a complete invest- 
ment to the blastodermic vesicle, for as we have seen it commences to form near the 
centre of the ovum, and only gradually grows round within the epithelial investment, 
so that it terminates peripherally by a free border. In most mammals which have 
been investigated, it has not completely enclosed the ovum when the mesoblast has 
begun to form, but in the cat its growth appears to progress more rapidly, so that, 
for a time, the blastodermic vesicle has two complete and distinct epithelial invest- 
ments. Whether complete or incomplete, the two layers together constitute what is 
known as the bilaminar blasiodenn (fig. 16), the formation of which marks a distinct 
stage in the development of all the metazoa. 

But the blastoderm does not long remain in the bilaminar condition. In the rabbit 
and mole, and probably in most mammals, long before the pcieiitive entoderm has 
completely extended itself around the ovum, thera-eccurs a considerable thickening 
of the primitive ectoderm at one end — the posterior — of the somewhat oval embryonic 
area. This thickening has at first a crescentic form, with the concave edge looking for- 
wards, and from the middle of this edge a longitudinal thickening extends for a certain 
distance towards the centre of the embryonic area. The thickening is produced by a 
proliferation of the cells of the primitive ectoderm, and its consequent downgrowth 
towards the primitive entoderm, and it is visible when the ovum is viewed from 
above by transmitted light, as a streak or shadow which is known as the primitive 
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ttreak f fige. 18, 19). Almost as soon as the priraitire streak has become fally formed, it 
may be observed to be scored alonsf its length, except at the anterior end which is that 
directed towai-ds the centre of the embryonic area, by a narrow groove — the 
primilwf firuocp. The proliferating primitive ectoderm comes into close reliitionBbip 
below this gi-oove with the primitive entoderm, and the two may be partly or 




Figa. 17, 18, anil 19 it copied from Heape. Thej on magnified 4S tii 



entirely blended, but the union is closest at the anterior end of the primitive streak 
where a continnons column of cells unites the primitive ectoderm and entoderm, 
so that the two layers are here indistinguishable. 

The proliferation of the cells of the primitive streak subsequently proceeds chiefly 
at the sides of the primitive groove, and the cells which are produced by this proli- 
feration extend themselves laterally between the ectoderm and entoderm to form 9 
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Pig. 20, A. and B.— Vawa of 

T.XTEbBION OF TUE HtSOBLAgT. (Kolli 

Id a. the mesoblwt extends on either aide of the primitive etn 
embtyonic area and also behind the primitiie eireak beyond the limits of that 

Id B. tbe mesoblai4 extenda over a circular area irhich sarrounds the embryonic : 
brjonic area ii aba trilaminw, except in the middle line in front of the priniitlre streak. 



the posterior part of the 
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tbird or intermediate layer. This is mainly derived, as was first pointed out by 
EoUiker, from the primitive ectoderm of the groove, bnt since in this Bituation the 
two primary layers become eventually more or less blended, it is probable that the 
primitive entoderm cells also take part in its formation, althoagh this part is in the 
mammal evidently a subordinate one. It ia further maintained by many embry- 




(KSIIiker, ) 
a niial part undergoing proliferalion (this ia shown by the karyokin 




Kg. 22.— LoHarcDDiHAL 

; — - (H«.pe.) ■ ' 

The blattodflrm ie perfanled io front of the (ahort) primitiTe itreak (I bliiskipore, Up) ; a few mw 
lut cells are seen ftnierior to th« perforation ; ep, epiblait ; Ay, hnrablut ; p.tk, primitive itreak. 




Fig. 23.— Two BECTtDRB 1CR03S IBS EllBSTOBKI IHEA ( 

no. 19. {Heape.) 

A. SectioD Bcrou the anterior eod of the primitiie Btreak nud grooTe. 

B. Section acroea the posterior enlargetnent of the piimitiTe slreak. The epiblut and Lypabkat 
we Men to be united along the priiyitiTs slnak. p.tk ; bterally the mesoblast, m., the celU of which 
htre grown oat from the nniting coloma of aiial ctlls, separatee the two primary layers. 

p.gr, primitiTe grocre ; tp, epiblaat ; hi/, h/pohloBt ; m, meaablait. 
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S THE DETILOFHEKT 



Lt,. (Ualacfaek.] 

e larger than the others, &nd Glled witli 



I. Spherical blaslodenn ; ths cells at the Jower pole 
glanutes. 

II. Invajinatino of the lower pole producing a cupping of the Tesicla. 

III. Completion of the invagination ; the blaaloderai ia nuw hilaminar, and forms a cap with 
DaiToved mouth, (he hiastopore. U, and a douhle wall of epiblaat. cp, and hypoblast, Ay (or primitiTe 
ectoderm and primitive enti>dErni). 

IV. The oTum is now elongated ; the caTitj of the gastrula forms a primitive alimentary canal, the 
oriliee of which is the blastopore, which is directed donalty. Bitendiug from this aJoag the dorsal 
aurface (right in the figure) a shallow groove is seen in optical section : thia is the rudiment of the 



ologisU that cells from the lateral parts of hoth pninary layers are added to the 
intermediate layer, and aaaist in its exteDsioa. According t« the observations of 
Bonnet in the sheep, there is an addition to the middle layer from the peripheral 
(thickened) portion of the hypoblast ; this has been long held to be the case with 
the blast<i<lerm of the bird, and the cells thna derived (parablastic) have been 
considered to have the special fonction of forming the connective ttsgnes and blood. 
Whether, however, this is actually so, mnat he regarded ae at pi-eseut undecided. 
However produced, the appearance of a middle layer canees the originally bilaminar 
blastoderm to be trilaminar, and its three layers have received the names of ectoderm, 
mesoderm, and entoderm, or cpiblast, mesoblast, and hypoblast. 

Tlte nutml* condition of tha Tflrt«l>i«ts erroja. — It will be observed that in tfao 
mammal the two primary layers of the blastoderm, »t leurt their prinoipat part, ore formed by 
a sepaiation into two strata 'of the cella of the inner gruiniar mass whi<^ oocapiei th« 
interior of the OTom after segmentation. The bilaminar ooDdition may therefore be said to 
nsnlt from a prooess of dolaraioation in an originally nmple mass or atratum. Bat in 
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AmpUozaB amongst TertebntM,' uid ia many inyertebratea with boloblastio (klecithal) ova, 
the bilaminar blastoderm is produced, not b^ delamination, but by the invagination of ona 
pole of an ori^nall; simple hoUow spherical blastodermio vedcle, the invaginsted portion 
becoming the primitive entodemi and the lemainingr part of the wall of the vesicle forming 
the primitive ectoderm (fi^. 24). This condition, which woa discovered by Kowalewskj, ia 
known as the gailmla ttage, and it is regarded bj most embryologists, following Haeckel, M 
typical of the mode of formation of the bilamjnar blastoderm thronKhoat the animitl kingdom. 
The apeitnie of invaeination by which the cavity of the entoderm communicates for a time 
with the exterior has been termed the Uattnpore (Lankeater). 

It is not possible in this account of the embryology of the mammal (which mnst necenorilj 
be very short) !« examine at any length the evidence upon which the opinion rests that a 
gastmla stage can be shown to exist at an early stage in the development of the memblostic 
ova of the lower vertebmta. It will be safficient for the present purpose to state that in 
fishes, reptiles, and bicda, the ova of all of which ate of a markedly raetoblastic type, that 
port of the ovum in which alone Eetfmentation has occurred, and in which active development 
subsequently proceeds, produces a bilaminar blastoderm as in the mammal by the separation off 
aa a distinct layer of a lower or inner stratam of oells to form the primiUve entoderm, 
whilst the remaining uells arrange themselves into on upper or out^r stntnm, the primitive 
ectoderm.' At one part of the circular blastoderm which has thus been formed there now 
ooonrs a crescentio thickening of the ectoderm, on the surface of which a pit or depression 
becomes formed by an invairination of the ectoderm. This pit extends inwards until it abuts 
against a subjacent entodermal thickening, and it may even penetrate the entoderm and 
oommunicate with the cavity below the blastoderm (which afterwards becomes in part con- 
verted into the posterior end of the alimentary canal). The Invagination in question has been 
regarded as a rudimentary blastopore, its time of fonnatiou having become ehifted to a later 
period, and the entoderm having already been formed by dehuniuatiou altogether independently 
of, in place of resulting from, the invagination, as in the typical mode of gastrula formation. 

In the mammal a similar invatrination of the ectoderm also oconis at the posterior extremity 
of the embryonic area, and this invagination hoe been described by Heape in the mole as 
commnnicatinif for a time with the cavity of the blastodermic vesicle (fig. 22, blp), which sub- 
Fig. 25, — SnariCE viaw or m ihbrtohic ihia or TBS MOlt 



OPENINa or THS OBLIU^'E XSURVNTERIC CANAL. (HcapC.) 

sequently becomes converted in part into the alimentary canaL 
In birdsand reptiles as well as mammals the invagination in 
question soon becomes extended forwani along the middle lice 
of the blastoderm as b linear groove (primitive groove), which 
indents an ectodermal thickening (primitive streak), and if 
the posterior invag'ioation represents a blastopore, this 
groove must be looked upon as an extensiou of such blas- 
topore, a view which derives support from the fact that 
there appears to be a tendency for the primitive groove, at 
least its anterior end, to penetrate to the entoderm, and thus 
to form here also a canal of communication between the cavity 
below the entoderm and the exterior. Such a canal is desig- 
nated ncurtnteric. because the anterior end of the primitive streak and groove tiecomes 
eventuaUy enclosed by the neural tube, and the caual then effects a (temporary) eommlinioa- 
tion between the neural tube and the enteric canal. 

Another important point of resemblance between this invagination and the blastopore of 
the typical gastrula is the fact that the middle layer of the trilaminar blastoderm b^ns to 
devetope from the margins of the invagination. But in this respect again there is a differ- 
ence, for whereas in the simpleat and most typical forms, such as Sagitta amongst invertebrates, 
and Amphioxus amongst vertebrates, the middle layer ( mesoblast) originates aa a pair of hollow 
protrusions of the primitive entodenn (ccelom-invaginations of Hertwig, figs. 28, 29); in 
mammals and birds it makes its first appearance in the form of solid outgrowths from the 
primitive streak.' 

Other Tiewi conoemlnK the gaatralation of vartebratea. — KupSer regards th^ part 

' Also, according to HofmEmn, to ■ome extent in elaaniobranch Bsh«e 

) Ha layer correBponding with Ranber'e layer at the mBrnmai ia knoi 
unless that layer is la be regarded as the bomologue af the eitemal (co 
which is found at a later sUge in Gshes and amphibia. 

* RUckert baa described an imperfect form of ccelom-invoginatiou in elasmobrsnch fishes, ■ 
Hertwig in amphibia. 
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which has been above alluded to as inyaginated ectoderm (primitive groove) as the homologae 
of part of the entoderm of more typical forms. If this view be correct, many of the difficulties 
in the way of regarding the aperture of the invagination as the blastopore, and in explaining 
the differences in the mode of origin of the mesoblast are removed ; but, on the other hand, 
other difficulties are introduced, and the subject is left by no means clear. 

Another view, which was formerly extensively held, regards the blastopore of the meroblastic 
vertebrate ovum as bounded by the thickened edge of the bilaminar blastoderm (Haeckel). 
According to this view, the cavity of the gastrula is entirely filled up by a mass of 
tmsegmented or but partially segmented yolk, which also projects for a considerable distance 
through the blastopore, forming in fact the great mass of the ovum. The primitive groove 
is regarded as a linear prolongation of this thickened edge of the blastoderm towards the 
centre of the blastoderm (Balfour), so that the embryo, which developes in front of the 
primitive streak, thus comes to have a pseudo-central position in the blastoderm instead 
of developing altogether from its margin as in the lower vertebrata and in inverte- 
brates. In conformity with this idea, it may be noted that at the thickened rim of the 
blastoderm of these meroblastic ova, the two primary layers are continuous with one anothei 
as in the primitive streak. In elasmobranchs an intermediate condition is observed, viz., a 
short groove, the margins of whicli are freely continuous with the margin of the blastxxlerm. 
If, as His and others have described (vid^ ittfra), the mesoblast is in part (vascular 
and connective tissue part) derived from the thickened rim of the blastoderm, this would 
furnish another point of resemblance between the primitive streak and that margin. 

Ed. V. Beneden has promulgated an entirely different opinion as to the mammalian blasto- 
pore from those above described. He regards the condition of the ovum, after the completion 
of segmentation and before the formation of a blastodermic vesicle, as representing the 
gastrula stage, and looks upon the point where the granular inner mass of cells comes to the 
surface between the cleaj cells which form the outer investment as the blastopore (fig. 14, a). 
In conformity with this view he considers the layer of clear cells to represent the whole of the 
primitive ectoderm, and the granular inner mass the primitive entoderm. But since all the 
more recent observations upon early mammalian ova agree in affirming the formation of 
the three blastodermic layers from the granular inner mass, and that Rauber's layer either 
takes no part at all, or only a subordinate part in the formation of the ectoderm of the 
embryonic area, v. Beneden's view, in spite of the superficial resemblance of the ovum at 
this stage to certain gastrula forms, has not met with general acceptance from embryologists. 

Inversion of the blastodermic layers in some Tnn.TnmalB. — In the guinea-pig 
(Bischoff), nit and mouse (Fraser, Selenka), and in some other rodents, an inversion of the 
usual position of the blastodermic layers is found to occur, the epiblast being innermost, 
the hypoblast outermost. The foundation of this inversion is laid early by a process of 
invagination and formation of a central cavity in the mass of entomeres, so that when the 
blastoderm is differentiated, the innermost cells which are next the (secondary) cavity thus 
formed become the epiblast, and the outermost the hypoblast, the mesoblast subsequently 
forming between the two by proliferation of epibList at the primitive groove, as in other 
mammals. (For details as to this process of invagination, the student is referred to the papers 
by Selenka.) 

Historical. — The existence of several laminae in the germinal substance of the eg^ was 
first suggested by C. F. Wolff in his celebrated work Thetn'ia GenerationiSf published in 1759, 
and in his later Memoir On the Development of the Intestine^ first published in Nov. Comment. 
Acad. Petropol. in 1767 and republished in German by J. F. Meckel in 1812. It is, however, to 
the researches of Pander, conducted under the direction of DoUinger of AViirzburg, and pub- 
lished in 1817, and those of v. Baer (1826-1837), that we owe the first consistent attempt to 
connect the development of the several organs and systems of the embryo with the different 
constituent parts or layers of the blastoderm. Pander recognised a trilaminar structure of the 
blastoderm and distinguished the three layers composing it, in their order from above down- 
wards, or from without inwards in the egg^ as the serous, vascular, and mucous layers. 

In 1850-54 a further important advance was made in the knowledge of the constitution of 
the blastodermic layers, by the discovery by Remak that the greater part of the middle layer 
soon after its formation conies to be divided into two laminae, separated by a space which 
corresponds to the perivisceral cavity (ewlom) — a fact which had been partially stated by von 
Baer. So marked a division of the middle layer and distinction of the parts which are 
afterwards developed from its two laminae, has seemed sufficient to some authors to waiTant 
the recognition of four distinct layers in the blastoderm ; but it will be found on the whole 
more convenient to consider the fundamental layers as only three, to which, following the 
nomenclature of Foster and Balfour, the designations of epiblast, mesoblast, and hypoblast are 
applied, terms which are synonymous with those of ectoderm, mesoderm, and entoderm, 
employed by many authors. 

The terms ectoderm and entoderm were first applied to the two fimdamental layers, shown 
by Huxley in 1849 to constitute the whole body of coelenterates, and which were correctly 
regarded by him as homologous with the two layers of the bilaminar blastoderm, to which wa 
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have applied the terms primitive ectoderm and primitive entoderm. Since tlie middle layer 
is developed from one or both of these primitive layers their permanent reptesentatiyei are 
morphologically different, having lost the elements which ^o to form the middle layer, and it 
is therefore convement to accentuate this distiaction by the adoptiou of different terms to 
represent the permanent layecn. 

The generalit'ation that the formation of a bilaminar blastoderm is typicall}' produced by 
the invagination of a hollow spherical nnilaminar bliistoderiiiic vesicle is doe to Hoeckel, and 
was based largely upon the important reaearches of KowalevHky, especially those on S^tta 
and Amphioxus. The process of delamination which in some animalEi prodacei the two 
primary layers was originally regarded by Ray Lankester as the typical mode of formation, 
but ie now generally admitted to be a secondary modification. Finally, it has been shown 
(Balfour, Lankester, R. and O. Hertwig), as is set forth below, that the ccelom or body cavity 
ie ti/jiicalli/ developed, not b; a process of splitting of the mesoblast (although in some 
animals this may occur m a Eecon^iary modification), but aa hollow protrcEions from the 
primitive alimentary cavity, the cells which bound these protrusions forming the mesoblast. 
Thus from an originally sin(;le blastodermic layer by HUCce^sive processes of invagination 
or folding, the three permanent lamina) are ultimately produced, 

Sacb folds may be refforded as formed mechanically by local hypertrophic multiplication 
of the cells of the lomince, an increased surface beinj; thus found for the increased number of 
cbIIb. In analogous manner the folds which accompany the formation and separation of the 
body and the development of the several organs, f.^., the nervous system, alimentary canal, 
•imnion, may also be regarded as resulting mechanically from cell -multiplication. This 
mechanical theory of development was first enunciated by Pander, and has of late yeors been 
applied extensively by several embryologists, notably by His (^Eitiwipkl. d. ffuhncliene, 186tj, 
yai i'luun-e Korperform , 1874), and Ranber. 

Characters of the blaatodenoio layers. — The three layers of the blastodenn 
show from the firet distinctive characters (fig. 2C). The outer layer, or epiblsBt, is 
epithelial in nature and consists of somewhat inegularly columnar celU cloeeiy set side 




Fig. 26.— TBiKaVBKEE SI 

pT, primitive groove ; tn, mesoblast ; ep, epiblast ; hji, hypoblast. 

by side, forming a single stratum for the most part, except near the middle line, and 
becoming thinner and flatter towards the margins of the embryonic area. 

The inner layer or hypoblast is also epithelial, but the cells are at first all 
flattened, and appear therefore quite thin and linear in sections of the blastoderm. 
At a later stage, the hypoblast cells become markedly columnar and enlarged, so 
that they considerably exceed the epiblast cells in siie. 

The middle layer, or mesoblast, which differs, as we have seen, in ita mode of 
origin, being formed secondarily from one or both of the primary layers, also differs 
from them entirely in its appearance and structure. Instead of consisting of cells 
closely joined tc^ether into a continnous membrane after the manner of an 
epithelium, the mesoblast is at flrst composed of cells which are not thus closely 
arranged, but have, on the contrary, a considerable amount of intercellular fluid 
between them. They are most irregular in shape, and are often branched and 
united with one another, so that much of the mesoblast early resembles an 
embryonic connective tissue. 
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Before proceeding to describe the commencing development of the embryo it will 
be instructive to ennmerate tiie parts which are formed respectively fi'om the three 
blastodermic layers. The follon'ing is the relation gii'eo in tabular form :— 

The wbole of the nervous s}-5t«m, including not only tbe centr&l organs (brain and 

spinal cord), buc also the peripheral nerves and Bjmpatlietic. 
■S Tbe epithelial structures of tbe organs of special sense. 

•I I The epidermis and it» appendag^e, including the hair and nails. 
% I The epitheliam of all the (rlanda opening: upon the surface of the skin, including the 
K mammary glands, the sweat glands, and the sebaceous glands. 
_i The muscular Bbres of the sweat gkrods, 

"1 i Tbe epithelium of the mouth (escept that covering tbe tonpne and the adjacent 
i posterior part of the floor of the mouth, which is derived from hypoblast), and that of 
^i. < the glands opening into it. The enamel of tbe teeth. 

j Tbe epithelium of the nasal passages, of tbe adjacent upper part of the pharynx, 

and of all the cavities and glands opening into the nasal passages. 

The urinary and generative oi^ans (eicept the epithelium of the nrinary bladder 
. ^ and urethra). 

£ J All tbe voluntary and involuntary muscles of tbe body (eicept the muscular fibres 

g -7 of the sweat gland?). 

S i The whole of tbe vascular and lymphatic system, including the serous membranes 

" •= and ppleen. 

The skeleton and all the connective tissue structures of the bcdy. 

Tbe epithelium of the alimentary canal from the back of the mouth to the anus, 
and that of all the glands which apnn into this part of the alimentary tube. 
Tbe epithelium of tbe Eustachian tube and tympanum. 
Tbe epithelium of the bronchial tubes and air sacs of tbe lungs. 
The epithelium lining tbe vesicles of the thyroid body. 
Tbe epithelial nests of the thymus. 
The epithelium of the urinary bladder and urethra. 

PARASIiABT THBOBY Or HIS. MBBBNaHTUi: TSZOBY Or HXRTWIQ. 



The observations of His upon the development of the blood and i 
in the bird led him to regard these Ussaea as originatine', not from the mesoblaat which 
in the chick grows out from the sides of the primitive groove, but from cells which, 




Fig. 27.-VBaTic*i. sMtioi. ibbocoh 

PERIPEIBT. (Stncker.) 

E, epiblast ; ff. hypoblast, passing at the periphery into aa undiSereotiated maw of yolk, A, 

containing large cells filled with yolb granales ; M (towards tbe centre of tbe blastoderm), mesablant ; 

M lueaier the periphery' >, granular cells, apparently derived from A, and lying between the epiblast 

and hypoblast. 

originating either in the yolk or in tbe thickened rim of the spreading blastoderm, wander in 
centripetally between the primary layers and fill op all the interstices of the centrifogaUy- 
growing true mesoblaat. These in-wandering cells being derived, not like the other cells of 
the embryonic area from the more active piimarily differentiated central parte of the blasto- 
derm, but from the peripheral non-embryonio portion, were colleotively named by Hia 
pai-Ablail, and the tissues (blood and blood-vessels, and all the connective tissues) supposed to 
be formed from them were termed parablattic (all the other tissnee of the embryo being 
termed, in centra-distinction, ardiibkifie). 

His's theory was enunciated as long ago as 1S6S, although he afterwards introduoed 
into it certain modifications. For a oonsiderable time it met with little arooeptanoe, but of 
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late jeaiB it has obtained, in lie modlBed form m above given, the adheKuce of nuo; 
embrjologigte, and especiallj of R. and 0. Hertwig, Knpffer, KoUmaim, and Waldejer. B. 
and 0. Hertwig have given the name of meimchyvie to His'a parsblast, while retaining the 
designation of middle germinal layer or meBoderm for the rest of the meeoblast, from which 
it diSera (1) in its stmctore, consieCing of loosely arranged wandering cellf, as diBtingniehed 
from the epitheiinm-Iike latrellffi. of which according to their description the rest of the 
mesoderm is composed ; (2) in its derivation, arising as separateceUs from the entoderm instead 
of in the foim of a coherent layer ; and (3) in its farther development and destination, giving 
origin to the connective tissues and blood-vessels, and perhaps to the plain muscnlar tisBOe, 
whereis the mesoderm proper gives origin to the skeletal mnscles and to the epithelium of the 
B^roQS cavities, and of the genital and nrinary organs. Thej deE<cribe the true mesoderm as 
consisting of two epithelial lamellie, which form distinct layers of the blastoderm, bo that 
according to tht9 view the complete blastoderm would consist of four layers (epiblast. onter 
or somado mesoblast, inner or eplanohnio mesoblast and hypoblast) besides the mesenchyme ; 
to which munt be added a median strand of cells set aside for the formation of the notocbotd. 
It appears evident from the researches of Kowalevsky in Bagitta and Amphioius that what 
is to be regarded as the typical origin of the mesoblaat in Metozoa' takes the form of a pair of 
diverticula from the primitive archenterio cavity (fig. 28. la ; fig. 2a, 1), which hollow diverti- 
cula become pinched off from the remainder of that cavity, and. their cavities becoming com- 
pressed laterally, are converted into the ctnlom or body-oavity (serons cavities of vertebrata),the 
two walls of ttis cavity on eitlier side forming respective^ the inner and outer mesodermio 
layers o! K, and 0. Hertwig. In Ragitta, the diverticula occur in the neijrhboiirhocd of the 







la., dorsal view of an embryo in vhicb tfae mesoblast is beginping to form is two longitudioa] folds 
of the hypoblast which are becoming subditided from before back by coostrictions into separate 
somites. _ I., the same Tiewed in profile, showing the sntetior three somites of one side, with their 
cavities in free eommuoication with the enteric oi»ity. The neural canal, n,r., is rontinned 
pi'steriorly by a nenrenteric canal into the enteric csvity ; tp, epiblasl ; Aji, hypoblast. II., doraal 
vie* of a more sdvanced embryo. The somiles are more numerous and are conipleleiy separate. Id 
all but Iha moat anterior pair the communication with the enteric cavity is still seen. III., doraal 
Tie* at a Btill later staf-a. The somite ca»i1iea are now complelely closed. The rellnlar rod, ck, shown 
running along the middle of the embryo is the aotochord. 

blai^'topore, which ia also the typical seat of origin of the mesoblast, hnt in Amphioxus they 
are formed by longitudinal folds of the wall of the archenteric cavity, which grow from 
before backwards, and become separated up into segments in their progress. In most vertebrates 
above Araphioios the mesoblastic outfrrowtlis are from the first solid, not hollow (although a 
split may early, and does eventually in any cafe, occur in them, the ceelora beinp thus pro- 
duced), nor do they originate so distinctly from the entoderm, but arise rather at the junction 



I Eicept the Ccelen 



a which have only the two primary layer 
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of this with eetodmn at the mftrgiii of the blastopore, uid In the higher fomu, eapeoiallr 
maminiilii, may even be UiKcly derived from ectoderm. It is neTerthele» for many reasotu 
probable that the ori^n in a pair of hollow diverticDla. aa above described, is to be looked 
upon aa the typical one, and that as a solid ont«rowtb, iubeeqaentlj becoming split or hollow, 
at a ■econdATj' modification.' It is qaestionable, however, whether there is ito conaiderable a 
difference between the external and internal portions of the wall of Uie diverticalnm chat 




n.i;., Deoral graore ; n.c, nsnnl canal ; eh, radimeat of Dotochoid ; ma. mm., mesoblastic eamitei 
Id i. , ila cavity ia iq free communication with tbe alimentarj cavity ; ep, efublast ; hg, hypoblast ; a^ 
aJinteDtar; cavity. Id III. the cavity of the somite has extended oD either aide of the alimenUij 
canal and (arms a ocelom, or body cavity {ca). 

these two plates of mesoblast should be regarded each one as of equal morphological importonoe 

with the epi- and hypoblast. 

It may also be doubted whether the paiablaetic or mesenchyme elements are essentially 
different in their origin from tbe rest of the mesoblast.* In forms which are regatded m 
most typical, such as Sagitta and Amphioxus, they are not distinct in orifrin from that layer. 
In the simpler forms amongst the Craniata, as Cyolostomata and Amphibia, no origin 
distinct from the rest of the mesoblast baa been described for these elemeota, nor has it been 
seen ia mammals, in which, indeed, it is difficult to conceive an independent source for them. 
It is only in tbe highly modified mcFoblastio ova tbat appearances have been noted which have 
seemed to jnatif; tbe ascribing a peripheral origin to the paiablastio elements. But tbe evidence 
which has been hitherto adduced in favour of this view cannot be regaided aa sufGcient to 
justify its unconditional adoption, and it mnst be regarded as equally open to coneideration 
whether the derivation from that part of the blastoderm which is moat cloiely connected 
with tbe source of nntriment, viz., tbe yolk, of those elements which are to form the blood 
and blood-Teasels, and otherwise to minister to the nutrition of the early embryo ia not to be 
explained by tbe modified physiological conditions of these telolecithal ova. 



KBOaiNT UTKBATUBB. 

BaUbtu-, F. M., On lAe itrvcfvrc and lumuilogiea of the gtmiaal layer* of tKe anhrt/o. Quart 
Jonrn. Microec. Sc., vol. ix., 1880. 

Balfour, F. H. and F. Deightan, A rentmd ibtdy of tht grrminal layen of the chide. 
Quart JoQni. Mietosc. Sciftnc, vol. iiii., 1882. 

Benflden, Ed. van, Rteherditi tur V embrgologie da mammifira. La formation da ftuOUU 
eha U iapin. Arobiv. de hiologie, t i., 1880 ; Sur Vivolation de la lignt primitive, 
de la notoeorde et da canal cordal cha let mammifira {lapin ct inurin). Bulletin 
nijale do Belgique. Ann. v., sir. iiL, t. lii., 1886. 

Beneden, £d. veui nod Oh. Jnlln, Obtervaiioni lur la maiaralion, la feeondalion et la 
tgmtntation de lic-ifckn U> cheii-opterei. Arch, de biol., t. i.. 1880. 

Bannet, S.., Veber den PrimitivUrel/ea and die Chorda dtr Wiedrrka\ur. Sitiongsber. d. 
GeeeUschaft f . Morphologie n. Phyaiologieiu MtincheD, 1886 i Beitrd^ezurKmbrgalogiedtrWitdcrkdutT. 
Arch, fur Anal., 1884, 1889. 



I'acadtiinie 



28 RECENT Lll'ERATURE OF BLASTODERM. 

Boveri, T., Ueber Differtnzirung der ZeWkeme icdhrend der Furehung de» Eies «oii AaearU 
megtdoc^hala. Anat Anzeig., 1887. 

BtLtsclili, C, BeUrUge zur Gcutrulatheorie, Moipbolog. Jabrbuch, Bd. ix., H. S, 1884. 

Caldwell, W. H., The embryology vf MonotrenuUa and Marsupialia, Philosopbical Trans., 
Tol. clxxviii., 1888. 

DurtaAJxi, H., Note on the presence of a neurenterie canal in Rana, Quarterly Journal of 
Microscopical Science, N. Ser., toI. 26, 1886. 

Duval, M., De la formation du hUutoderme dans lauf d^oiseau, Annalcs dea sciencea 
naturelles, 6 e^r. t. xviii., No. 1 — 3, 1884. 

Fleisolimaiin, A., Zur Enttnckelungsgeschichte der RaubtJiiere. Biolog. Central bl., Bd. vii., 
1887. 

Gaaaer, Der Parahlast u. der KeimwaU der Vogdkevmscheihe, Sitzungsber. d. naturv. Glesallscb. 
en Marburg, 1883. 

Q-erlach, L., Uehcr die entodermale Entstehung der Chorda. Biol. Centralbl., 1881. 

Q-iacomlni, C, Sui canale neurentertco et sul eanale ancde nelle vesicoU blastodermiche di 
coniglio. 6iom. della r. accademia di medic, di Torino, No. 4, 5, 1888. 

Haddon, A., Note on the blastodermic veside of mammcUs. Proceedings of tbe Eoyal Dublin 
Society, N. Ser., yoL iv., 1885. 

Haeckel, Die Ocutrceatheorie. Jena Zeitscbrift, Bd. yiii. ; Nachtr&ge zur Oastroeat/ieorie, 
Ibid., Bd. xi. ; Ursprung u. Entvndd, d. thierisehen Geweben, Ibid., Bd. xi. 

Hatschek, B., Studien iiber Entwicklung des Amphioxus. Arbeiten a. d. zool. Instit. zu Wien, 
Bd. iy., 1881 ; Ueber die ErUwieklung des Amphioxus. Biolog. Centi-albl., Bd. vi., 1887. 

Heape, W., T?ie development of the mole {Talpa europcea). The formation of the germinal 
layers, and early development of the medullary groove and notoehord. Quart. Joum. of Microec. 
Sc, N. S., xci., 1883. Also in Studies from the Morphological Laboratory in the University of 
Cambridge, vol. iii. 

Hensen, Ueber die AbUiiung der Umkehr der KeimhlMter des Afecrsehweinchens. Yerhand- 
lungen des physiologischen Vereins in Kiel, 1881. 

Hertwisr, 0., Die Entwicklung des mittUren KeimUattes der WirbeUhiere. Jena Zeitscbrift fiir 
Naturw., Bd. xvi., 1882. 

Hertwig*, O. und B., Die Cdhmtheorie, Versuch einer Erkldrung des miuleren KeimJblaUes, 
Jena. 1881 ; Studien zur Bldtterthearie. Jena, 1883. 

His, W., Der KeimwaU des HUhnereies u. d. EnUtehung der parahlattischen Zdlen, Zeitsch. f. 
Anat. u. Physiol., Anat Abth., 1876 ; Die Lehre vom BindesvJbsttvnzkeim (Parablast), RUckblick nebst 
eritischer Besprechung einiger neuerer entwicldungsgeschichUicher Arbeiten. Archiy fiir Anat. u. 
Physiol., Anatom. Abtheil., 1882. 

Hoffinaxm, C. K., Die Bildung des Mesoderms, die Anlage der Chorda doraalis und die 
Entwickdung des Canalis neurentericus bei Vogdembryonen. Amsterdam, 1883. 

Hubreoht, A. A. W., Die erste Anlage des HypdbUutes bei den Saugethieren. Eine Erwiderung 
an Herm Prof. Ed. van Beneden, Anatomischer Anzeiger., iii. Jahi^., No. 30, 1888. 

JohxiBon, Alice, On the fate of the blastopore and the presence of a primitive streak in the 
Newt {Triton eristatua). Quart. Joum. of Microsc. Science, N. S., No. xcyL, 1884. 

Keibel, F., Van Beneden* s Blastoporus und die Baubtai'sche DeekschichJL Anatomisch. Ans., 
1887 ; Die Entwickilungsvorg&nge am hinteren Ende des Meerschweinehenembryos, Arch. £. Anat. 
u. Physiol., Anat. Abth., H. 5 u. 6, 1888. 

Koller, C, Untersuehungen iber die Bl&tterbUdung im HUhnerkeim. Arch, t mikr. Anat., 
1881 ; Beitrdge zur Kenntniss des HUhnerkeims im Beginne der BdniUung. Wiener Sitzungsber., 
Bd. Ixxx., 1881. 

Kdlliker, Die Entwicklung der KeimhUUter des KanincJiens. Wiirzbuiig Festschrift. Leipzig, 
1882 ; Die embryonalen KeimbUUter u, d. Qewebe. Zeitschr. f. wiss. Zool. xl., 1884; Ud>er die 
Niehtexistenz eines embryonalen Bindegewebskeims {Parablasts), Sitzungsber. d. phys. medic. Qea 
lu Wiirzburg, 1884. 

Xollxnann, J.* Der MesoUast und die Enttoickdung der Gewebe bei Wirbdthieren. Biolog. 
Oentralblatt, Bd. iii., ] 884 ; Der Bandwulst u. d. Ursprung d, StiUzsubstam, Arch, t Anat. u. 
Physiol., Anat. Abth. 1884. 

Xowalevsky, Entwieklungsgeschiehte der Sagitta. St. Petersburg Memoirs, xyi., 1871 ; 
Entwicklungsgesch. d. Amphioxus, dx. Arch. f. mikr. Anat., Bd. xiiL, 1877; Ueber die ersten 
Entwickdungsprocesse der Knochenjische, Zeitschr. f. wissenschaft. Zoologie, Bd. xliii., H. S, 1886. 

• Kupffer, C, Das M von Arvioola arvalis und die venneintliche Umkehr der KeimbUUter an 
demsdben, Miinchener Sitzungsberichte, H. 5, 1882 ; Die GastruUUion an den meroblastisehen 
Eiem der WirbeUhiere und die Bedeutung des Primitivstreifs. Archiv 1 Anat. und Physiol., Anat. 
Abtheil., 1882 ; Ve. d, Canalis neurentericus der Wirbeltkiere. Sitzungsberichte der G^esellsch. f. 
Morphol. u. Physiologie zu MQnchen, 1887. 

Lankester, On the primitive cdl-layers of the embryo, Ac. Annals and Mag. of Nat. Hist., xi., 
1873 ; Notes on embryology and classification. Quarterly Joum. of Micr. Science, xrii., 1877. 

Dfitsnkori, K., and Ishikawa, C. On Hie formation of the germinal layers in Chdonia, 
Journal of the College of Science, Imperial Uniyersity, Japan, yol. i., 1888. 

Morffan, Notes on the fate of the amphibian Uasiopore, John Hopkins Uniyersity Circulars, 1889. 

Per6nyi, I., Die EntwiakL der KeimbUUter u. d. Chorda in neuer BeUuchtung, Anat. Anzeiger, 4. 

Piatt, Studies on the primitive axial segmentation of the chiek, Bulletin of the Zool. Museum at 
Harvard College, 1889. 

Babl, 0., Ueber die Bildung des Mesoderms, Anatomischer Anzeiger, iU. Jahrg., No. 23 — 25, 1888. 



A£C£NT LITERATURE OF BLASTODERM. 29 

Bauber, Ueber d, Unprung de$ Blutei u. der Bindetubttanzen, Sitznngsb. d. Nabarf. Gesellach. 
ta Leipzig, 1877 ; Die Entwichdung der Otwebe det Sdtigethierk6rperi und die hietologitchen Systeme. 
Ber. der Naturf. Ge& in Leipzig, 1883. 

Bavn, E., Ueber die meeodermfreie Stdle in der Keinucheibe dee HilKneremhryo, Archiv f. 
Anatomie u. Pbysiologie, Anatom. Abth., 1886. 

Bepiaohoff, W., Bemerkungen iiher die KeimUcUter der Wirbdthiert, Zool. Anzeiger, vi, 1883. 

Bomlti, G.y Sw rorigine du nUeoderme et tea rapports avee le viteUut. Arch. ital. de biologie, 
til., 1882. 

Bonx, W., BeUirdge zwr Entvnekdungtmechanik dee Embryo. Utber die hlnatliehe fervor- 
bringung kalber Embryonen durch eine der beiden ersten Furchungtkugdn^ ^e, Yirchow's Arehir, 
Bd. cxiv., 1888. 

Baokert, Ueber die OcutnUation der Selaehier, Biologisches Centralblatt, Bd. ti. 

Byder, The inversion of the blattodermic layers in Hesperomys, American Natnraliat, 
▼ol. xxi. 

Sohans, F., Dae Sehieksal dee Blaetoporus bei den Amj^ibien, Jenaische Zeitschr. f. Natnr- 
wiannBch., Bd. xir., 1887. 

Selenka, Km 11, KeimbldUer und Primitivorgane der Maus, Wiesbaden, 1888 ; Die EUiUerum' 
kehrang im Bi der Nagethiere. Wiesbaden, 1884 ; Ueber die OastruiUuion der Enocher\fifche und 
Amnioten. Biolog. Gentralbl., 1887. 

Sliipley, A. B., Onthe formation of ike mesoHast, and the persistence of the blastopore in the 
lamprey. Pn)ceeding8 of the Royal Society, 1886 ; On some points in the Development of Petromywn 
fiuviaidis. Quarterly Journal of Micros. Science, No. 107» 1887. 

Solflrer, Studien s. EntwuMungsgeseh. des Codoms u. des Ccelnmepithels der Amphibien. Morph. 
Jahrb., z. 

Spee, F., Beitrag zur ErUwichdungsgesehiehte der frOheren Stadien des Meersehveinchens bis zur 
VoUendung der KeinMase. Arch. fUr Anat. n. Physiol., Anat. Abth., Heft. i. u. ii., 1883. 

Spencer, On the fate of the blastopore in Rana temporari't. Zool. Anzeiger, 1885. 

XTskow, JSf., Die BbutgefitssJeeime u. deren Entioickelung bei einem ffiUtnerembryo, M6m. de 
I'acad. de St. Petersb., zxxy., 1888. 

Waldeyer, W., Arehiblast und ParaUast. Arch. f. mikr. Anat. 1883 ; Die neueren Forsehungen 
im gebiet der Keimblaiilehre. Berliner klinische Wochenschrift, No. 17, 1885. 

Wolff, W., Die beiden KemWUter und der Mittelkeim. Archiv f. mikroscopische Anatomie, 
Bd. xzriU., H. 4, 1886. 

Znmsteln, J. J., Ueber das mesoderm der Vogdkeimscheibe, Dissert, Bern, 1887. 



UNIVERSITY 



EARLY CHANGES IN THE BLASTODERM. 



liAILLT CKAKOEB TS TSE BIiABTOSEBH, HEBJJLTINa TS 
THE FORMATION' OF THE EMBBYO. 



FIRBT APPEARANCE C 



S unCOIlAIi QROOVE 



Heoral canal. — Tlie blaBtodcrm in mammals, as we have seen, eveiit«allT 
completely encloses the cft\ity of tlie oi'um, and even in the large telolccithal ovum 
of the bii-d, it gradually extends so as to cover a lai^e part of the yolk. But only 
a small portion of this membrane takes part in the formation of the body of the 
embryo, that portion namely which lies immediately in front of the primitive groove, 
and it is here that what may be regarded as the first trace of the embryo makes its 
appearance — very soon afl«r the outgrowth of mesoblast from the sides of that 



Fig. 30.— Bmbriohio 
«o, vucnUr u«a ; ag. 




Y. (From KoUiker.) 
la ; pr, primitiTe streak and groore ; rf, medallarr gnon. 



groove — in the form of a shallow furrow (fig. 30, rf), wide behind where it 
embraces the anterior end of the primitive streak, and at first narrow in front, and 
bounded on either side and anteriorly by a fold of epiblast ; which folds, in fact. 




ar TBE auiKKA ria. (E. A. S.) 

ep, folds of epiblast rising up on either side of the niiflille line, ajid thus baunding the meclullRi; 
groove; tag, middle of medullary grooye ; Ai/, hjrpoblast, i^hicli ia in contact with the medollsrj 
epiblsst at the middle of the groore, bat ia eiaewhcro Eeparnted from it bf mesoblast, nie, which hu 
huirowed forwartU between the two primal? layers, A cleft is seen in the mesoblaat on either side ; 
thiE ia tbe commeDcement of the Ulterior part ot ths oxlom. 
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medullaiy groore ; n.e. (in IV. )j neural 
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produce the groove which is enclosed between them. The groove which is thus 
early formed in front of, but not, as was formerly supposed, in continuity with the 
primitive groove (Dursy), is no less than the rudiment of the whole central nervous 
system, and it is accordingly known as the 7ieural or medullary groove, the folds which 
bound it being termed the medullary folds. By the time that the neural groove is 
formed, the mesoblast has generally extended forwards from either side of the 
primitive streak, burrowing between the epi- and hypoblast, and as the folds become 
developed, this mesoblast fills up the space below the epiblast, triangular in section, 
which each fold encloses, so that on either side of the neural groove there is now a 
longitudinal thickening of mesoblast, entirely separated from its fellow of the 
opposite side by the meeting of epi- and hypoblast at the bottom of the neural 
groove (fig. 31), and gradually thinning off laterally into what is known as the 




nc^' 



Fig. 33. — Middle of the section shown in fig. 31, 

MAGNIFIKD TO SHOW THE lETAILS OF Hi STRUCTURE. 

(R A. S.) 

epf me, hy^ fn.fj., as above ; nch^ notochordal thickening 
of median hyi)obla8t. 

lateral plate of mesoblnf5t. These two longi- 
tudinal thickenings of mesoblast give origin to 
most of the muscular and skeletal tissues of the 
body ; they form what may be termed the 
paraxial as distinguished from the lateral meso- 
blast. Somewhat later the medullary folds 
become bent over the neural groove, and meet one another in the middle line 
(fig. 32). Here they blend together, and the groove becomes converted into a 
canal — the neural canal. Of the two layers of epiblast which are formed from 
the folds, one is now the roof of the canal, the other is the epiblast of the dorsal 
surface of the embryo. The layers are at first in contact with one another, but 
subsequently mesoblast passes between them (forming the membrana reuniens 
superior of Remak). The closure of the neural groove begins in the posterior 
cephalic region, and thence extends forwards and backwards. 

Kotoohord. — Running along the bottom of the neural groove there may soon 
be seen, when the blastoderm is viewed from above, a linear shading, which appears 
to start from the anterior end of the primitive streak and passing forwards becomes 
gradually lost towards the anterior end of the neural groove. Transverse sections 
across the latter show that this appearance of shading is due to a longitudinal 
thickening of the hypoblast along the middle line (fig. 33) ; the central cells of 
this layer becoming enlarged and gradually separating themselves off to form a rod- 
like column, which lies between epi- and hypoblast just below the neural groove 
(fig. 32, ch). When so separated, the column. is known as the ckw^da dorsalis, or 
noiocJwrd, a structure which, along the middle line of the early embryo, replaces the 
mesoblast, and which is at first, as before said, continuous with the united epi- and 
hypoblast at the anterior end of the primitive streak. The actual separation of the 
notochordal cells from the hypoblast occurs first a little behind the anterior end of 
neural groove, and progresses backwards, although the hypoblastic thickening occurs 
first at the posterior end of the neural groove and is in fact directly continuous with 
the united column of epiblast and hypoblast which forms the anterior end of the 
primitive streak. The neurenteric canal passes through the thickened posterior 
extremity of the notochord, where this is continuous with the anterior end of the 
primitive streak (see fig. 34). It is continued in mammals a short distance along the 
notochord as a canal (prolonged forwards into a groove) (fig. 34, 5), which has been 
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P!g. 34. 




(Heape.) 



The embryo was eligbtly more advanced than Uie one represented in Fig. 35. Tfae doraal opening 
is abown in 1,, continued into the primitive groove : the canal psssefi thence tbningh the column of 
cells vhioh unite* the epiblwt and hypoblast at Che front ot the primitive streak (II, }, iato the noto- 
cbordal thickening of the hypoblast (n'')< along which it extends for some distance |IV.], and 
eTentosUj opens ventrallj (V.) into a median groove, which is formed in the notoeliord»l thickening 
(».cA.<.) 

ep, me, hg, epiblaat, mesoblaat, hypoblast ; Pgf- (in I. anil II.), primitive gmrte ; c, neuranterin 
or notocbonlal cajial ; m.'jr. (in !![., IV., and V.), medullary groove. 
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described nnder the name of the notochordal canal, and corresponds with the hypo- 
blaatic invagination, which in Amphioxus (fig. 29, 1., ch) also forms the first stage in 
the development of the notochord. 

A flatteain^; out and even eventually a duplication of thia canal occurs in the chick and in 
varions mammaU at a somewhat lat«r stage than that given in fig. 31. According to Spee, 
ite cleft-like cavity may pass laterally into the commencing mesobloetlc cleavage (ocelom- 
invi^ination ?). 

The notochord is essentially an embryonic structure in mammals, although it does 
not completely disappear, for traces of it are to be foand throughout life in the 
centre of the intervertebral discs. When fully developed it is a cylindrical rod 
composed of clear epithelinm-like cells, enclosed within a special sheath of homo- 
geneous aubatance. These cells, although they may become considerably enlarged 
and vacuolated, undergo no marked histogenetic change and take no part in the 
formation of any tissue or organ of the adult. 

SoparatioiL of tha embryo bom tlia bluttoderm. — The embryonic rudiment 
which tbos firet makes it« appearance in the blastoderm, and which cousistB 




>n{be«]fold). 

essentially of nenral groove, mesoblastic thickenings, and notochord, becomee 
at « very early period marked off in front by a dipping down of the blastodennio 
layers immediately in front of the anterior end of the neural groove, so as to form a 
transverse curvilinear snlcus — the anterior limiUng sulcus. This is at first wide 
and shallow, but soon deepens and narrows, and takes at the same time an oblique 
direction, curving downwards and backwards under the front end of the nenral 
groove. The solcus is really due to a growth forwards of the anterior end of the 
embryonic rudiment, over the part of the blastoderm immediately in. &out of it, so 
that this anterior end now projects as a distinct head (fig. 35). 

All the three layers are involved in the forward growth and overfolding which 
produces the head, so that a prolongation from the blastodermic cavity, which is of 
course lined by hypoblast, becomes included in the head, and the anterior part of 
the primitive alimentary canal, or fare-gut {f.g,) is thereby produced. Formed in this 
way its front end is necessarily blind, and for a long while there is no mouth nor any 
communication between the fore-gut and the exterior of the embryo. The mouth 
becomes formed later by invagination from the exterior. 

In Qie rabbit, and also in the ohiok, Uie blastoderm at this time is still bilaminar in uid 
neu the middle line in front of the embryo, for the growth of the meeoblast has not yet 
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extended to this part. The head end of the embryo tm>w» forward ov^r thU bilnininar portion, 
and since the embryo, as it becomes differentiattil, tends to sink U'low tbt- tieuent surface of ■ 
the blastoderm, the head which now averlies the bilaminar pirt produces a depivs^un of this 
part towudj the interior of the vesicle, so that the head of the embryo bfcoiufs enulusiil by 
the bilaminar wall of the depression (6g. 3G). The enoto)<inir menibntue. wliicb is well marked 
in the rabbit, has been termed by v. Beneden the prti-awii .'mi : by an extension of mesoblast and 
of the mesoblastic cUavafte between its layers, it ofterwonl.H boMuies nplit into Boniatoiilcure 
and splanchnoplenre, and the former becomes cootinuona with the true amnion (see p, ii). 
The stage of pro-amnion, If it exiata at all, must disappear very early in the human cmbrjA 

Soon after the Appearance of the anterior HmitiQg sulcus, two lateral limiting 
sulci are seen nuiniD^ external and parallel to the medullary folds ; theeo lateral 
sulci, as they dip down, mark off the body of the embryo from the rest of the 




blastoderm, but they do not for some time process far in development, the middle part 
of the future alimentary tract lonf^ remaining in free continuity with the cavity of the 
blastodermic vescle (fig. 45, and tip;. 4n, d), but becoming; ^adually more pinched off 
from it. That part of the cavity of the original blastoderm 1 1; venielc which does not 
form a part of the alimentary canal, but remaina connected with it by a wide neck 
of communication, is known as the yolk-sae. At a later stage, when the Itoily walls 
are formed, and the yolk-sac, relatively greatly diminished in size, lies altogether 
ootaide the body of the foetuB, it is merely connected by a long narrow duct, which runs 
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along the umbilical cord, with the intestine. This is termed the umUlkaldvct, and the 
yolk-sac itself haa received (in mammals) the name of vmbUkal vesicle (Rg&. 50, 51). 
Laatly, at the tail end of the embryo a hind-gut is produced. In the human 
embryo this appears to be formed by a protrusion from the posterior blind end of the 
enteric groove, and after the formation of the allaDt«ic tube, but in most mammals 




m.f., luedullBr? folds, the neural canal 
mcBobtast ; tp., epiblaat ; Ay, bjpobUst ; i 
Intenil pltite of meBoblait. 



IB. ",', (ProinKbUikCT.) 
leginning to dose ; p.m.. paraxi&l meaoblast : i.m., lateral 
>, primitive aorta ; ch, natochord ; p, eoAotDK cleavi^ at 



and in birds it is produced by a folding over of the tail end of the embryo like that 
which occurs at the head end to enclose the fore-gut (figs. 45 to i?). The hind-gut 

Fig. S3.— EHBftTO CMOS. AT THE KND OF THK SECOND t>lT, HEEM rHOM 

BELOW, f' (FTBinKolliker.) 
Vh, fnrebrBia ; Ab, primary ocniar VMicleti ; Ch, notocliord ; H, tubular 
beart ; om, ritelline veing ; Vd, entiajice to the forepart of the alimenlar; 
canal witfain the cephalic fold ; in the middle port of the embr7o, the 
protoTeitebrul samttes are seen (to the number of thirteen pun) OD each side 
of the canal of tbe spinal marrow and nolochonL 

' remains for a considerable time blind, until the anus becomes 
formed by invagination from the exterior. 

Cl«avaff« of mMoblast. Fonoatioii of body cavity. — 
At a very early period, soon indeed after the formation of the 
neural groove, two important changes begin in tbe mesoblast. 
One of these is the cleavage of the lateral mesoblast (which is at 
first a contiuuous sheet) into two plates, one of which clings to 
the epiblast, and the other to the hypoblast. The cleft is at first 
small (fig. 37, p), but accumalation of fluid within it soon con- 
verts it iuto a cavity, which gradually spreads until tbe separation 
is vc'y extensive (fig. 39, p.p.). The layer of mesoblast which 
clings to the epiblast eventually forms pact of the body-wall, 
and is known as the somaiopleure ; ihak which cliogB to the 
hypoblast forms eventuaily part of the wall of the alimentary 
tract, and is known as the aplanehnopleitre. The catity between these, which is 
formed by enlargement of the original cleft, is the cmlom or body cavitij (plenro- 
l«ritoneal cavity of authors). 

Fonufttioii of moBoblMtio aoiiut«>. — The other change occurs not in the 
lateral but In the paraxial mesoblast, and consists in the occurrence at regular 
intervals transversely along the maae, of a process of tbinniug which produces its 
complete separation into distinct segments, so that when the embryo is viewed from 
above or below, these segments appear on either side of the neural groove as a 
linear series of small qnadrangidar masses (fig. 38), which were originally termed 
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proiovtrlebrm, on the suppoaition (now known to be erroneous) that they are 

the mdimente of the future vertebne ; they are more appropriately termed the 
vusoblastie Kmites. 




Tig. 39— TuNSTiRaE 

(From Balfour.) 
A, cpiblaal ; C, bjpoblaBt ; Mc, medullaT? canal ; Pv, protovertebnt 
intermcdulc cell-man id wbicb the Wolffian duct ia becoming fonnea ; ^so, aoma 
■plaacfanopleure ; pp, pleura- periloneiJ cavit; (cieloni) : np, inner margin of area opaea 
hTpoblast of aiea apacs ; no, left primitiTe aorta ; v, blood Tessels ; ch, notochord. 



meBobbutJc Bomite ; Vi'd, 



In AmphioxoB (Bgs. 28, 29), the protovertebrte are formed in common with Uie body cavity, and 
we mccesaively separated oS from before backwards from the ctclomic fold bk hollow cnboid 
aomit^a, each of wfaicli extends upvards around the neural canal and downwards alonir the 
sides of the alimentary canal, and subsequently divides into a dorsal or paraxial part which 
forma tlie protovertebrte, and a ventral part whicli forms the lateral meaoblaat. At fimt the 
hollow somites communicate individually with the alimentary cavity, but they become ahat 
off from this long before the division which has just been mentioned. The ventral segments 
run together eventnally, to form a continuons serous cavity. In sectionn of bitil or mammalian 
embryos (fig. 39), the protoverlehtffi, although on the whole compact masses of meso- 
blast, yet often show a teodeocy %o have their oeotral cells loosely arrani^ed, so as to give the 
appearance of an irregnlar cleft in their interior, and sometimes a deBnite cavity is formed in 
them, which may even be continuous with the ccelomic cleft in the lateral mesoblast. 

ProtovertebrsE begin to be marked off in the paraxial raesoblast, a shoH distance 
from the anterior end of the neural groove, in what wiU eventually become the 
cervical region of the embryo. They are produced in succession from before back- 
wards, one or two only bein^ at first visible on either side, aud others being grodnally 
added as the embryo grows in length, until a large number may at length be counted, 
extending from imm^iately behind the cephalic region to the region of the primitive 
streak. 

CflrebnJ vsnolas. — Meanwhile a change of importance has taken place in - 
connection with the anterior end of the neural groove, which has become enlarged, 
and soon exhibits a auccession of highly characteristic median dilatations, separated 
from one another by sligbt constrictions (Gg. 34). These dilatations, at a lat€)' 
Bt£^, after they have become roofed in, along with the rest of the nenral groove, 
are known as the cerebral vesicles. There is at first a simple enlai^ement, and 
behind this two others form in succession, so that the primary vemrles are three in 
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ntimbcr, but Bubseqnently the most anterior (/ore-brain) and posterior {kittd-braiti) 

each forms two veaiclea, whereas the middle vesicle (mid-h-am) rcmains permanently 
undivided. Five veaicleB are therefore then to be seen, and these give rise eventttall; 





Fig. 40.— SosFiOE yiKw 

TBI THHBB PRIHlItl 

Semi-duigmDniatic. 



ctM (1, 2, 3) 
pr, pniuitiTe s(re*k kud grooie. 



Fig. 41.— RiBBii IHUTO or ihi Stb dat, VRoa thb sDsriCR. Y' (EBUiker.) 
The medallor; groove is eabuged onteriori; and the primikrj aptic vesiclea nre growing out from 
the first cerebnJ enUrgement. On either tide of the head, tiie (double) tubular heart'li seen. Bight 
p*ire of protOTBrtebne are formed. 



to the five fundamental divisions of the brain, while from the sides of the fore-brain 
the rudiments of the optic nerves and retinte grow out as hollow protrusions. 

Heart and Tascnlar nsMtnta.. — While this change is progressing in the 
neural canal, and the protovertebrte are becoming formed in the paraxial mesoblast, 
the first sign of a vascular system is beginning to make its appearance in the 
mesoblast •ifcither side of the head in the form of a simple tubular vessel (fig. 
41), whicIiDecomes developed in the splanchnoplcure in this situation. As the 
splanchnopleure and its accompanying hypoblast fold rouod on either side under the 
head to form the fore-gut, these two simple tubes necessarily come together in the 
middle line, and they then fuse together longitudinally to form a single tube, the 
primitive heart (fig. 38} ; this tube runsfor a short distance it] the mesoblast immediately 
under the fore-gut, and then divides into two branches, which pass laterally, so as to 
partially encircle the fore-gut, and thence course backwards along the body of the 
embryo on either side of the notochord. These two vessels form the primitive 
arteries (primih've mrtai), the part of each which encircles the fore-gut as it passeg 
dorsalwards being known as the Jirst tun-tie arch. On the other hand, the posterior 
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eDd of the Bingle tabular heart bifarcatea at an obtuse angle to fonn two large 
venona roots (prtmiHve veins), which receive the blood from the vascular area on the 
yolk-sac when this is developed, and pass it on to the heart. These two primitive 
veins become the vitelline reins. 

The heart begins to beat very soon after its appearance, even whilst still filled 
only with a coloorless fluid, and before receivii^ blood from the vascular area. 




Fig. 42. 
The arterica and arterial opillc 



Afterwards, nhen receiving and propelling the red blood from that area, and 
especially after it has become elongated and bent upon iUelf, it is one of the most 
prominent objects seen on examining the embryo ; projecting as it docs freely into 
the yet widely open ccelom immediately behind and beneath the cephalic region of 
the body. 

The first vessels to be developed are formed in mesoblast altogether outside the 
body and within a circular area {vascular area), which surrounds the developing 
embryo for a certain distance. The first appearance of red blood occurs in the form 
of isolated red points {blood-islands of Pander), which are scattered ab.iut within 
this area, and are especially numerous at its cireumference, where they form an 
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almost continaooB chain. These red pointa are small groups of coloured uDcleated 
blood corpuscles which have been developed within certain of the mesoblaet cells in 
the manner explained in another portion of this work (see Htstoli^jr, Development of 
btood-corpnsclesaQd blood-vessels). The mesoblast cells in qneation form the blood- 
vessels of the vascniar area by becoming united with one another into a capillary 
network, which becomes connected mesially with branches of the primitive aortee 




Fig. 13. — T^scoLAS AKU or 

Th« arteries sre i-eprescntcd ted, the veins btuc ; the capillar 

In both the elages illustrated, the terminal Biniw is Been to he arteri&l. 

(vilellim arteries), and peripherally with a circular vessel {terminal sinus), arterial in 
mammals but venous in the chick, which forms the circumferential boundary of the 
vascular area. From the capillary network of the vascular area the blood is collected 
into two vitelline veins, which coarse backwards and inwards to carry the blood of the 
area to the venous roots of the heart. This is the first circulation, or the circulation 
of the vascniar area. It is also called the vitelliDe circulation, because the vascniar 
area is developed in the mesoblast of the aplanchnopleure layer which encloses the 
viteUus, and its capillaries are an important means of bringinf; the food material of 
the vitelluB to the embryo. 
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DEVWiOFUEXTT OF THE FCETjUi MEHBKAmiB; ATTACHMZHT 
OP OVTTM TO UTERUB. 

Having thns Bketched out the manner in nhich the principul oi^ans of the 
body first make their appearance, we maj briefly consider the formation of certain 
stinicturea which have a purely embryonic existence, and are concerned either with 
the nntrition of the fcetua and its attachment to the mncons membrane of the 
uterus (chorion, allantois, placenta), or serve the purpose of protecting the embryo 
against mechanical injuries by suspension in a bag of finid (amnion). 

Formntioii of the anmion and cliori<ni< — The amnion, which is only found 
in reptiles, birds, and mammals (amniota), is a membranons bag occupied by a clear 
albominouB fluid, and covers the whole of the embryo. It is developed from folds of 
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Bomatopleure, which are reflected from the head and tail ends and lateral boundaries 
of the embryo at an early stage.^ With the sinking of the embryo into the blasto- 
dermic vesicle or yolk, these folds grow up over the back (fig, 44) until they meet and 
coalesce with one another along the middle line, in snch a manner as to form two 
distinct membranes, one of which, the inner, is the amnion {trne amnion), while the 
outer membrane (termed the false amnion) becomes applied to the greatly thinned 
remnant of the zona pelincida, and eventually forms a complete external covering 
to the ovum and its contents. This external covering of the ovum has been long 
known as the chorion — a name which has, however, been applied by some embry- 
ologists to other structures." It is fixed to the uterus by villi, which are 

' The bead fold is preceded at a yet earlier stogB Ij the bilaminac pro-amnum, the tonnrtion of 
which bai been nlready alluded to (p. 35). 

' The term " chorioa " has been appliei! to TOriouB Etructarea by embryologists. Originally used to 
denote the oitemal coTeringof the developing ovum, it was employed siicceasively for the looa pelincida 
("priiQttive chorion "), tho epithelial enclosing membrane of the blastodermic vesicle, and finally for 
the external amniotic fold or false amnion, when this becomes formed. Lately it has been used to 
eipreu the eiternal albuminous envelope of the undeveloped ovum, so that it is probable that 
much confuiioD may luise imleas the meaning of the tenu be in each case clearly itefiaed. It 
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attached to the uterine mncoua membrane, and these villi Bubeeqaently become 
ramified and vascular when the growth of the allantois has brought the umbilical 
blood-vesBels to the chorion ; but except in the placenta, thej at length all become 
atrophied and disappear. 

It will be seen from the manner in which the true and false amnion are formed 
by a fold of soraatopleure, that these membranes are composed of both epiblast and 
meaoblaat. In the false amnion the epiblast becomes the outer layer ; in the true 
amnion it is the inner layer. The mesoblast of the one is separated from that of 
the other by a space occupied by fluid,' and contiuuooa with the coelom, with which 




in fad. it remains continuous until the body walls of the embryo have entirely grown 
round and coalesced on the ventral surface — the fiual point of coalescence being the 
umbilicus. With this enclosing growth of the body walls the line of reflection of 
the amniotic fold is also carried downwards, so that the amnion is eventually 
attached around the umbilical cord, by which the fcctus appears suspended in the 
amniotic fluid (fig. 50). 

In the ^inea-pi^, iii which the epiblast i^ the innermost layer, the amnion is not formed 
as a fold, but resulU from an extension of the musoblaxtic clt^vage around the dorsal aspect 
of the centrSil cavity ; this cavity thua becomes the cavity of the omniou. 

Fonaatioii of the allautou. — Both the amnion and the chonon are entirely 

extra-embryonic structures, i.e., tlicy are external to the body of the embryo, and, 

will be aafd throughout tbii article in the eeuEe in which it biLS bitberto almoat inTtriabtj been 
employed in bninnn einbryolog}'. to denote that external membmae of the OTum from which the 
Tilli (chorionic rilli) whicb grow into the uterine mucous membrane spring, and this it will be seen 
preaently. ii that part of the entcniiU invextment of the bhf todemiic vesicle, which, when the amnion ii 
formed, becomea the external amniotic fold or false aniDion. 

* Except in tbe later stages of gestation, when the amniotic and chorionic mesoblast become loosel; 
Ullted by jellj-lika connectiTe tissue. 
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although thej minister to its protection and nutrition, take no part in t)ie formation 
of any of its oi^ns. But the case ia different with the strnctare nest to be 
described, viz., the allautois, a part of which does in fact eventually become 
converted into portiong of the urinary and generative systems, although the greater 
part is also extra-embryonic, its function being to minister, through its accompsnyiDg 
blood-vessels, to the nutritive and respiratory exchanges of the foetus. 

The time of development of the allantois seems to vary mach in mammals, and 
there is reason to believe that it is found in the human embryo at a very early 
period — indeed the earliest human embryos that have hitherto been described 
already possess an allantois. In most animals in which its development has been 
studied the allantois has been fonnd to begin as a hollow prolongation of the posterior 
end of the primitive alimentary canal (fig. 46). It soon, however, becomes relatively 
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h, epiblaat of trunk ; dd, hypoblul ; m, medullary or neural canal i eh, notocbard ; hd, 
commencing faind-gut, which is becoming formed bj a folding-over of the tail end of the embrjopic 
blaatodenn, c ; id, blind end of hind gat ; al, allantais growing out from hind gat into aw, mesoblaBtio 
thickening : e, epithelium of yolk sac ; df. gpUnchnopleure ; lip, somato-pleure paaing saperiorly into 
am, tail fold of amnion ; (, u placed within tho caritj of the amnion, and denotes the tail end of the 

shifted in position so as to come off from the ventral wall of the hind-gut, growing 
into the posterior extension of the mesoblastic cleft and eventually into the space 
between the false and true amnion, and carryingalongwithit its mesoblastic covering 
(figs. 3(j, 45). It is therefore composed eventually of two parts, viz., (1) a hypo- 
blastic sac which communicates, at first widely but afterwards by a narrowed orifice, 
with the hiiid-gut, and (2) an investment of mesoblast. This last is usually greatly 
thickened and very vasouliir, and is directly supplied with blood by two arteries 
(allantoic or umbilical arteries), which appeal* at first as a direct continuation of 
the primitive aortas. As the allantoic vesicle expands into the cavity of the felse 
amnion, it carries the vascular mesoblast along with it, so that this mesoblast is thus 
brought to the inner surface of the chorion, over which its blood-vessels then spread 
BO as to convert this hitherto non-vascular membrane into one which is richly 
supplied with blood-vessels. The chorion has grown in the form of ramified 
villi into the substance of the uterine mucous membrane or decidua even 
before this advent of the vascular tissue of the allantois, but the chorionic villi 
now receive blood-vessels and thus become vascularized, the interchanges between 
the fnetal and maternal vascular systems, which arc afterwai-da confined to one region 
only of the chorion and decidua — that which forms the placenta — occurring in the 
first instance over the whole superficies of the ovum. 
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Like the amnion, an allanUiis is only formed in the embryo of teptilee, birde, and mammals.' 
t varies chiefly in the eitent to which ita hypobhvatic part becomos developed. In reptilea, 
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The allantaic protrusion now Hprinira from the ventral wall of the hind (lut. Letlerine u id Ga. U, 
(PromKiilliker.) 
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Am, head falil of the amDioo (pro-amiiioa in b anil c) ; Xb, >oik eac a and d are conditioim of tho 
embryo which have bceti seen and dcBctiI>ed ; b and c are iiitended to show how the conilitions found 
in d may be brought about, and especially how the stalk of the allantois may be regarded as a direct 
continuBtion of the posterior end of the embryo, which according to His does not looe at any time ita 
connection with the chorion or villous external membrane of the ovum. The curved dotted lines in e 
indicate the formation of the amnion and &lae amnion by the upgrowing of lateral folds (which have 
not as yet met in the median line). 

Dg of the amnion and aliaatois, see Balfour, " Comparative 
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in birds, and in some mammalSi e.g. mminants, this portion forms a large sac which ooonpies 
the greater part of the cavitj of the false amnion, and is filled by fluid (allantoic flnid) in 
which many urinary products can be recognized. (The ducts of the embryonic renal organs open 
into the pedicle of the allantois.) But in most mammals the development of the hypoblastio 
sac is far less extensive, and in some, including the human embryo, the allantois is mainly 
represented by a large mesoblastic outgrowth carrying the allantoic (umbilical) yessels to the 
chorion. There is also considerable variation in the period at which the allantois begins to 
develop. In the human embryo it is certainly formed at a very early period, probably even 
before the amnion is completed. In the guinea-pig, also, it appears early, although after the 
amnion. In this animal it is first developed as a solid outgrowth of mesoblast which projects 
from the line of junction of the hinder end of the amniotic bag with the blastoderm, and 
before the formation of a hind gut or of any part of the alimentary tube, a hypoblastio 
diverticulum being altogether wanting. In the earliest human ova in which the allantois 
has been investigated, it is already a tube of hypoblast which forms a direct prolongation of 
the posterior end of the primitive alimentary canal (fig. 49, <Q, and is enclosed in a short 
stalk of mesoblast, by which the posterior end of the embryo is attached to the chorion, and 
through which, by the allantoic (umbilical) blood-vessels, the chorionic villi are freely 
supplied with blood. From the attachment of this stalk to the placenta (chorionio part), 
the hinder extremity of the amnion is reflected. The stalk in question is not the nm- 
bilical cord, since it does not include the stalk of the yolk sac (vitelline duct), which only 
later becomes bound up with it. It is termed by His the abdominal stalk (Bauchstiel), 
the term allantois being by him restricted to the hypoblastio diverticulum. It is further 
considered by His to be probable that the human embryo never becomes completely detached 
from the chorion, but that it always retains its attachment to the outer membrane 
of the ovum at the hinder end, this abdominal stalk being regarded as a direct prolongation 
of the tail end of the embryo (fig. 49). If this d^ould prove to be the case, the 
human ovum would form an exception to the usual rule of a complete separation of embryo 
from chorion at the formation of the amnion, and subsequent re-attachment by outgrowth of 
allantois. 

Changes in the ntems. Mode of attachment of ovum to nteras.^ — 

The mucous membrane of the pregnant uterus is known as the decidua. It is 
thicker and more pulpy than in the ordinary non-pregnant condition, and the 
glands are longer in proportion, but it is otherwise of similar structure except in 
the part where the placenta is about to be formed ; here it undergoes important 
modifications. The ovum, which has been fertilized and has passed through the 
first stages of development in the Fallopian tube, although considerably larger than 
the undeveloped ovum, is still an extremely minute object when it reaches the 
uterus. Here it speedily becomes imbedded in the soft and thickened mucous 
membrane, and this is soon refiected over and completely encloses the ovum, which 
thus comes to lie in a cavity within the decidua which is altogether shut off by the 
reflected part from the true cavity of the uterus. Different names have been given 
to those parts of the uterine mucous membrane which immediately enclose the ovum 
to distinguish them firom that which lines the original cavity of the uterus. Thus 
the layer of membrane which has grown around the ovum is known as the decidua 
reflexa ; the part where the ovum first becomes attached to the uterus and where the 
placenta is afterwards formed, is the decidua seroiina, while the membrane lining 
the true cavity of the uterus, is termed decidua vera (figs. 50, 51). 

With the subsequent growth and consequent expansion of the ovum the enclosing 
decidua reflexa expands also pari passu, encroaching more and more upon the true 
cavity of the uterus and coming into contact everywhere with the decidua vera. 
Eventually it blends entirely with the decidua vei'a, so that the two layers are indis- 
tinguishable and the original cavity of the uterus is obliterated (except at the 
cervix uteri). 

1 The following account of the formation of the decidiuo and of the plaoenta ii confined as mach as 
possible to what has been observed in the human subject. In other mammals important variations in 
the mode of attachment of the ovum and in the formation and structure of the placenta are found to 
occur. 
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Both the decidna vera and the decidna refleia original!; contain tubalar and somenhat 
tortaans g'landa, which were diBcovered hy Shorpey, and were b; him mippOBCd to minister, in 
the Srel instance, both to the nutrition and to the attachment of the ovum, the latter by 
aflordinfr depressiotiB for the chorionic villi to penetrate into the substance of the decidaa. It 
has. however, since been shown that these villi do not directlj pass into the (;]andi, bat 
rather t«ad to become attached to the int«rg'tandutar surface, and indeed at the decidna 
serotiua, where Bubeequentlj the main attAchment of the chorionic rlUi occurs, the gland- 
Imnina may become almoat entirely obliterated before the villi are here formed. But the 
gitatly enlarged glands of the decidna vera very probably furnish a secretion to atsist the 
nonriahment of the ovnin previously to the full establishment of the placental circnlotioD. 
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Tity of the uterus ; c*, cenrii, filled bj ■ plug of mncna : 
inal cavity of the uterm ; dv, decjdua vent ; dr, decidoa 
with its villi groHin); iato the decidua refleia and d. 
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iunbili«al cord and oonneoted "litE tEe intestme of the embrjo, i ; nm. amnnin . 

The decidoa ondei^oefl remarkable Btractural cbanf^ during the early months of 
pregnancj, some of these changes being common to aU.tfane-mwtaj!f the membrane. 
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whilst others art spec a1 to hat part (d ser t na) whicli enters into tlie conatrnctiOQ 
of the p acenta The fol o ng s a br ef acco mt of these changes.' 

M th the superveDt on of pregnan ; tl e mucous membrane lining the uteros 
becomes th keued and the t bular glands become both dilated and greatly elongat«d. 
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a, ante p po tc ten wal muB 

cular BubBtiuice ; u, p1ac«d in tlie cavity of the uterus ; 
y, the glandular lajror of the decidua vers : r, (he 
ilecidim reflexa ; f, decidua serolina ; c, rervii ol«ri ; 
c/L chorioD with itBTilIi, which are more highly dave- 
lo|iid on the placental Bide ; r, the embryo endoaed 
in the amnion, with the allantoic Tcssela psBsing ntong 
a short allantoic etalk into the placenta, and the 
umbilical vesicle Ijing free in the apace between 
amnion and chorion . 

Fig. 51". — DuoBiHNiTic ai 




Kiindrat and Engelmann). 
luBcular layer ; B, condition of (he 
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A, Diagram of (be glands of the non-pregnaDt uterus ; m, 
glands at the begiuning of pregnancy ; c, compact layer near fie 
here somewhat enlarged but not very tortuous, and the mucou 
hyiierlrophy o£ the inlerglandular tisaue ; sp, spongy layer, i 
glands greatly enlarged and tortuoos, produciai; a spongy conditioi 
portion of the glands, elongated and tortuoua. but not much enlacj 

This thickening of the membrane and enlargement of the glands goes on until the 
fifth month, ao that by this time the decidna vera \b nearly half an inch in thickness 
and it« glands have undergone so considerable an elongation that they now no longer 
pass nearly straight throi^h the membrane but run in a tortuous manner from the 

' Por a more complete account of the changea in the at«nu, and of (be placenta, tbs reader is 
referred (o (he liat of papen at the end of (his section, bnt especially to (he works of Rundrat uhI 
Bngelmaon, Leopold, and Mine), and for the compaiative litruclure of tlic placenta (a the cIviriDil 
inTet(iga(iuu of Tuner. 
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inner snrf aoe to the v&scalar layer, so that a vertical section Of the membrane exhibits 
them cat qnite as often obliquely or transversely as lon^tndinaDy. They are also 
generally dilated, but the dilatation is by far most marked at the months of the 
glands, which come thus to have a fiinnel-like shape, and in the deeper pari of the 
membrane, where the dilatations look in sections liko a series of cavities, liocd by 
cubical or flattened epithelium, and separated from one another by a relatively 
small amount of interglandnlar substance. This gives a spongy appearance to the 
part in question, and it has been accordingly termed the xlmttm apongiosum of 
the decidua (fig. M*, B, sp). The deepest part of the glandB, that, namely, which is 
in contact with and ia imbedded in the superficial portion of the muscular coat, does 
not share in this dilatation, and its epithelium also retains the columnar character. 
The part of each glaod between the fonnel-ehaped mouth and the dilatations above 
deaoribed, also becomes enlarged, but not to so great an extent, the hypertrophy of 
the mncous membrane being here chiefly confined to the interglandnlar tissue, which 
becomes filled with large epithelium-like cells (decidual cells of Friedlonder) and 
with nnmerons and large capillary blood-vessels. This layer of the decidua has 
been termed the airatum ampacitim in contradiBtinction to the stratum spongiusnm 
external to it (fig. 51*, B, c). 

After the fifth mouth, by which time the great increase in size of the ovum with 
its contained embryo has brought the decidua refiexa into close contact with the 
decidos vera, the latter begins to unde^o an atrophic process, the result to all 
appearance of the compression and distension to which it is thus subjected. Its 
tissue becomes thinner and less vascular, and both the funnel-shaped mouths of the 
glands and those parts of the glands which run through the stratum compactum 
become gradually obliterated, so that eventually hardly any trace remains. In the 



stratum spongiosum the spaces which have 
resulted from the dilatation of the gland tubes 
lose the hning epithelium, and become flattened 
ont conformably to the surface, so that they now 
appear as a layer of compressed lacunee, sepa- 
rated by thin fibrous trabecnlie (fig. 52, ep.). 

Similar changes occur in the decidua reflcxa. 
That this is truly a fold of mucous membrane is 
evidenced by the &cb that gland tubes can be 
seen to open upon both its surfaces. These gland 
tubes early become enlarged, and acquire an 
oblique or tortuous course, with dilatations in their deeper parts, i.e., in the middle 
of the thickness of the d. reflexa, so as to form here also a sort of spongy tissue. 
But the decidua reflexa sooner becomes expanded by the growing ovum into a 
relatively thin membrane, and the atrophic changes in the glands occur at an 
earlier stage, so that by the time that it has coalesced with the decidua vera hardly 
any traces of them can be discerned. 

In the decidua serotina (placental decidna) similar changes have been described 
in the glands, the final result being the formation of a spongy layer, with irregular 
clefts flattened out conformably to the surface, and from which the epithelium has 
entirely disappeared, accompanied by complete atrophy and disappearance of all the 
ports of the glands which are snperficiij to this layer, the only portions which 
remain nearly unaltered being the deepest parte of the tubes, wluch are partly 
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imbedded io tbe mascQlar coat of the nteruB, and retain their epithelinm. After 
separation of the placenta from the nterine wall ab parturition, the uterine mucous 
membrane, with its epithelium and glands, becomes renewed from this deepest portion 
of the decidua scrotina. 

The most important changes of structure occur in the superficial part of the 
placental decidua, after the disappearance of the glands. The exact manner in 
'which these changes take place has not been followed out, but the ultimate result is 
the replacement of the whole of this portion of the decidua, with the exception of a 
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A, Tertic^ section throui;h the margin of a placenta at full term ; D, D, deep lajer of decidua ; 
Yi, chononic vilti var no 1; cut their btoodvesaeU injected ; Si, marginal apace of tbe placenta, 
Deirlj fr«« froni nil vt aborted villi bejond the placenta ; FA, canaliicd Gbrine of Langhana, 
produced according to Minot bj traosformation of the aapeificial layet of the chorionic epiblaat. 

B decidual tissue from a placenta at full tenu v a bloodvessel ; d, <t, decidual celb; (he latter 
■ith lereral nuclei 

oomparatively narrow batial layer next to the spongy structure, into a series of inter- 
communicating vascular sinuses, which together constitute an immense flattened 
apace (intervillous space), bounded internally (toward the uterine wall) by the basal 
layer just referred to, and externally by the chorion ; also, according to some 
authors, hy a thin layer of decidua, the subchorionic membrane of Turner, which is 
described as lying immediately under the chorion of the o^'um but bo intimately 
incorporated with it as to be with difBculty demonstrable as a separate stratum 
except at tbe edge of the placenta. 

From the basal layer, partitions of fibrous decidual tissue pass towards the 
chorionic surface, and serve to partially snb-divide the labyrinth of vascular spaces or 
uiinseB into a number of loculi (cotyledons). Each of these locali is occupied by an 
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arborescent tuft of villi oontinnona with the fixtal chorion, and traveTBed by blood* 
veesela which are enppUed from the biaocheH of the umbilical arteriea. These 
blood-vessels form a capillary loop in each villns, and these capillary loopfi are 
separated from the maternal blood in the placental smuses not only by the capillary 
walls and the connective tisBue of the villus, but also by a double layer of flattened 
epithelium -like ccUb derived either from the chorionic epithelium (Minot),^ or from 
the decidual tissue, and, perhaps, in part representing an endothelial membrane 
belonging to the placental sinuaes, which, according to Waldeyer, are lined by endo- 
thelium prolonged from that of the uterine vessels. 

Some of the chorionic villi are attached (1) by comparatively stout bands of 
fibrous tissue to the basal stratum of the decidoa, (2) by finer bauds of similar 
substance both to one another and to the 
septal prolongations of the decidna others *"" ^'^"- chcHon. 

hang freely mto the placental sinnaes . , 

These sinuses are supphed directly with 
arterial blood from tortnoos branches of 
the ateriue arteries which pass through the 
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spongy stratum of the decidoa serotina and through the basal stratum of the 
placenta to open into the anuses without the intervention of capillaries. From 
the sinuses veins, which run very obliquely through the decidna, carry off the blood, 
and eventually pass into the veins of the muscular wall. The foetal villi are thus 
bathed by slowly flowing maternal arterial blood, and respiratory and nutritive 
exchanges may occur between the two kinds of blood, but there is no actual mixing 
' Minot describes both the villiand the ainDaea of the placenta aa bounded bj the chorionic opitbelinm. 
Thia would agree rery well with recent obaecrationB in the bat, hedgehog, and other mammala, which 
■haw that these spacea are origioallji dereloped in bn>artiDphied epiblast (eee next page). 
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of the two floidfi, nor is it possible to inject the foetus fhim the mother throngh the 
placenta, or the mother from the fcetus. 

Tbe qnestion, which has been moTe tlian onoe raised, whether the interrilloaB spBces 
norm&Uj oontain blood, may be now refcorded as settled in the affirmatiTs. It has been 
usually held that they represent OBpillaries or Teins of the decidua, which have become 
dilated and fused together to snoh on extent as to oocupj tbe whole thickne«B of the 
placental part of that membrane, with atrophy of the intervening decidual tifleue, which 
merely remains as a covering to the villi. But since the placental sinuses appear to bo 
bonnded superficially by the chorionic covering of the ovum, and it is in most places not 
possible to detect any decidual tissue between them and tbe chorion, it has been oonjeclnred by 
some writers (Kolliker, I^ngbans) that they have become formed by extravasation of blood into 
• sp*oe between tbe ovum and the decidna, into and across which space tbe chorionic villi 
have grown. Although the development of these strnctures is insnfflciently known in Primat«e, 
it has been shown in varions mwni'TiwlB (Selenko, Dnval, Hnbrecht, Masins} that the first 
attachment of the blastodermic vesicle to the uterine wall is effected by the external layer of 
tbe epiblast, which sometimea splits off over tlie embrjonio atea as a distinct layer, and 
which, in some animals (e^., hedgeb<%), becomes greatly thickened, and is connected by 
epiblastic villi to the decidna. This external layer of epiblast, for which Hnbrecht has pro- 
posed the general name of Irpphoblatt, canses the absorption of the uterine epithelium both 
of the sorface and of the glands (where this epithelium has not previously been cast off) 
and comes directly in contact with the enlarging decidual vesFele, the endothelinm of which 
is actively proliferating. 'Within the thickened trophoblast clefts now make their appear- 
ance and are presently found te be oocnpied bj maternal blood, which in derived from the 
vessels of tbe adjacent bypettrophied dec dua. This blood flows therefore mto ipaces in the 
trophoblaet, whit^ are only bonnded by fcetAl epiblast and this pnn ary j laeental mreulaiien 
may be formed before any f<£tal blood-vexsels have reached the chorion Snbsequentlj when 
the vaseolar meeoblastic villi become formed they extend mto theee spaces pushing before 
them the epiblast ; by this layer they remain permanently covered and it also lines the 
enlarged spacea into which Uiey have extended. 

The placmta is composed of two parte one foetal composed of chonoii with 
its villi ; the other mat^nal, formed from decidna serotma. la its completely 

Fig. 57. — TBAKSvitsi SECTION or a viuug ibom 
A PUCUTi or siVKR MOUTHS (Hinot). 
Three btoodveaels are •sen witbin the villus, 
imbedded in a jsllj-like conaectiTe tisaae ajntauung 
cells and fibres ; a, a, cell-layer onrering villiui 
(epiblsst accordiug to Hinot ; according to others 
of deddoal origin) ; /, a thickened portion of this 
cell-Uyer, which bis nndergODe a Gbrinoas tnuwfbr 
mation (canalised fibrin). 

developed condition, it is a circnlar ducoid 

mass, weighing about a pound, 7 or 8 inches 

in diameter, thickest at the centre(l7mGh) 

and thinning awaj towards the edges 

which are continaons with tbe compara 

tively thin coalesced decidme and chonon 

Its inner surface is smooth and concave 

and is closely covered by the amnion as by 

a serons membrane ; under this the larger branches of the nmbihcal vesseb conrse 

before dipping into the substance of the placenta From near the centre of the 

ot^an the umbilical cord passes off to the fcetns Its outer surface is incorporated 

with the uterine wall, bnt when detached from this by teanng through the spongy 

tissue of which the deeper part of the decidua is formed (as oecnrs in partuntion at 

the expulsion of the foetus), the enter surface appears ragged and irregular in 

striking contrast to the smooth amnion covered inner snrface Examined nnder 

the microscope, the chorionic tissue (villi) of the placenta is found to be composed 

of jelly-like connective tissue, with branched and anastomosing cells (fig 57) m 

Bcone parta of the larger stems white fibres are seen What remains of the decidual 
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tisoe haa a fibrons sppeannce, with rcrr munerooB decidual <«I]^, vliidi hcqnoitlj 
olj«£aie the fibres (fig. 64, b). In aod a^er the fifth moath of pregnaocT, a nnmher 
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of lanre mnlcinncleated giant cells are fonod Bcat- 

Ured about in the tifene Thej occur moBt abon- 

dantlr in the oaterm<~«t brer of the decidoa 

lerotina, and have been described bv Fnedlander and bv Leopold as growing at a 

later stage (eigbth or ninth month) into the veins which pas thnwgh the lajer, so 
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u to prodnce a partial blockage of these veina, preparatory to the detachment of the 
placeata from the layer. 

The villi do not at first cover the whole surface of the ovnm, but are deficient at 
the embryonic, and perhapa also at the opposite, pole. In the earlieai human ovum 
which has hitherto been described, 
that of Eeichert (fig. 58), the villi, 
which are quite simple, occur in a 
broad zone around the circumference 
of the ovum, leaving the (somewhat 
flattened) poles smooth and free 
from villi, and on one of these poles 
a thickening of the wall of the 
veaicle could be detected, which was 
probably the embryonic area. But 
in all other early human ova which 
have been noticed, the chorion, 
which is now formed by the false 
amnion, is covered with ramified 
villi (sh^^gy chorion), and these are 
already vascularized from the allan- 
toie, and have grown into the sub- 
stance of the decidua reflexa and the 
decidua serotina, the formation of 
the placenta having already begun. 

Separatum of th* d«oidiia at birth, and regmieration of tlw 
nterine mncoTiB membrane. — In parturition, the pressure of the contracting 
muscular walls upon the nterine contents, and especially upon the amniotic fluid, 
causes a bulging of the membranes (consisting of the combined deciduee, the 
chorion, and the amnion) through the os uteri. When the membranes are ruptured, 
the amniotic fluid first escnpes, and subeequently the fcetua is expelled. With 
further contraction of the uterus, the placenta becomes detached from the nterine 
wall, separating along the plane of the dilated parts of the glands (stratum apongio- 
nnm of the decidua serotina), and as it is expelled, the separation extends around the 
decidua lining the rest of the uterus, which appears in the " after-birth " along with 
the chorion and amnion as a thin membranous skirt to the edge of the placenta. The 
deepest part of the decidua containing the bases of the uterine glands is everywhere 
left in counection with the muscular tissue, and from these basal portions of the 
glands, flrst the whole of the uterine glands, and subsequeutly the lining epithelium 
of the ntems become gradually r^enerated. 
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3>EVEIjOFM£irF OF THE SfEBVOUS SYSTEM. 

Ab has been already described, the whole of the central nervous system takes origin 
from the thickened walls of a dorsally situated axial groove, sabseqiiently converted 
into a canal, which rons forwards in front of the primitive streak, and the anterior 
end of which becomes enlarged and converted by constrictions into three successive 
vesicles, around which the several parts of the brain are formed, and which are 
known as the primary cerebral vesicles. The remainder of the neural canal is of 
nearly uniform diameter, and its walls become converted into the substance of the 
spinal cord, while the cavity itself becomes eventually the central canal of the cord. 
The walls of the neural groove are of course composed of epiblast, and it therefore 
follows that the whole structure of the central nervous system is laid down in 
epiblast, and consists in the main of more or less modified epiblastic elements, except 
where mesoblastic tissues subsequently penetrate into it, conveying blood-vessels 
into its substance. As was shown by Balfour, the same is in all probability true for 
all the nerves of the body, cranial and spinal, which either, as with the fibres of the 
anterior roots of the spinal nerves, grow directly out from the neural epiblast, or, as 
with the fibres of the posterior roots, are formed and grow from masses of epiblast 
cells, which are separated off at the junction of the neural and general epiblast to 
form the ganglia, from which the posterior root fibres appear to take origin (His). 
An exception must, however, be recorded for the olfactory tracts and bulbs and optic 
tracts and nerves, which, although derived from the neural epiblast, yet have a different 
mode of origin from all other nerves, both cranial and spinal, since they arise not as 
solid outgrowths of that epiblast, but as hollow protrusions from the brain, which 
only become solid at a later stage of development. We have then to consider the 
manner in which are developed (1) the spinal cord ; (2) the several parts of the 
brain ; and (3) the spinal and cranial nerves and their ganglia, as well as the ganglia 
and nerves of the so-called sympathetic nervous system. 

DXVXIiOPiaDNT OF TUJB BPUNAIi OOBD, 

Soon after the neural canal is closed (fig. 82, p. 81), it takes the form, along the 
greater part of the length of what is afterwards to become spinal cord, of a cleft- 
like cavity, with thick sides, and a relatively thin dorsal and ventral boundary (roof 
and floor). The parietes of the canal are wholly composed of long columnar epithe- 
lium cells, whose free borders, which are at first smooth, but later become ciliated, 
line the cavity, and whose attached extremities rest upon a homogeneous limiting 
membrane which early makes its appearance, bounding the embryonic cord, and 
separating it from the surrounding structures. These cells, therefore, extend at 
first through the whole thickness of the embryonic cord, and they have the closely- 
set, palisade-like character, with the nuclei at different depths, such as it is usual 
to find in long columnar epithelium. 

After a time, it is found that the cells (which have become always longer with 
the increasing thickness of the wall of the neural canal) show a tendency to branch 
and to unite with the branches of neighbouring cells. In this way a network or 
spongework is produced, which extends throughout the* greater part of the thickness 
of the embryonic cord ; at the same time the inner parts of the cells which immedi- 
ately line the canal retain their palisade-like arrangement, while the external or 
attached ends oft^n exhibit a radiating disposition, which gives a characteristic 
radial character to the external layer of the reticular structure. The reticulum is 
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tenned myelospongium, and the cells by which it ie formed are spoken of ae vpongio- 
blasls (His) (fig. 61). 

Between tlic inner ends of the columnar epithelium cells or spongioblasts there 
is seen at a comparatively early period (four and five weeks in the human embryo) 
ft number of rounded cells, with a considerable (unonnt of clear protoplasm, forming 
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an intemlpted layer in this innermost zone. Their nuclei are mostly in one stage 
or another of karyokineais (fig. C2). They are termed by His the germinal cells, and 
Recording to Iiim they give origin to the cells next to be described. 

The third kind of cell (^neuroblast) met with in the cord of the early embryo is 
one with a relatively large oval nucleus, and little protoplasm, but with a tapering 
protoplasmic prolongation directed outwards towards the surface of the cord. These 
cells are found in gi'oups, at first only in or near the layer of germinal cells (fig. C3), 
but subsequently in the outer layers (fig. G4). The prolongations ai'e the com- 
mencemeiits of the nerve-fibres, and they mostly converge either straight or with 
an arcuate couree towards what will subsequently be the place of exit of the fibres of 
the anterior roots. 

The outermost l^^er of the embryonic cord after the differentiation of the 
various kinds of cells abo\e described is free from nuclei, and is composed of the 
partly reticulated, partly radially arranged external or Attached extremities of the 



DEVELOPMENT OF THB SPINAL CORD. 



5S 



epongioblasts. This maj be taken to represent the ^hitc matter of the cord at this 
stage (all the reet representing grey substance) ; but there are at fiTBt no ncrre fibres 
in it, the only structureB which can be at all compared to nerve fibres being the 
prolongations of the neuroblasts, and these lie either as arcuate fibres altogether in 
the outer pwt of the grey substance, or are passing out of the cord as the beginnihgs 
of the anterior roota from a mass of neuroblasts which forms the rudiment of the 
anterior comu of grey matter (fig. G5). This mass constituUs in the human embryo 
of six weeka (fig. 66) the chief portion of each half of the cord. It forms a con- 
Biderahle projection which laterally almost reaches the surface, but vcutrally is sepa- 
rated from it by a thickening of the external or radial zone, due to the appearance of 
longitodinally conrsing nerve fibres within it : this is the beginning of the anterior 
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Pig. 05. — Sbotioh 

Th« posterior roots an continncd within tha cord into a gmall Irnifitudinal bundle whicb ii 
rndinient of the posterior white calumn. The anleri(.r roota are fomud hj the coDvergence of the 
liroresses of the neuroblaata. The latter, along with the elongateil cellx of the nijelosiiongium compose 
the gnj matter. The external layer of the cord ia traveiT^d t^ radiating filireu which are the outer emla 
of Uie apongiohlaata. The anterior commiaure U beginning lo appear. This figure ia much more 
magnified thau the next one. 
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white colnmn (a). By this time, also, althoagh to a rather less extent, the posterior 
white columns have, simultaneously with the posterior roots, begun to make their 
appearance on either side of the narrow dorsal part of the neural canal (p). There is, 
however, only a relatively thin layer of grey matter (neuroblasts) separating the 
posterior white columns from the palisade-like lining of the canal, and as yet no 
sign of ner\'e fibres in the situation of the lateral columns, which are only repre- 
sented by a thin layer of the mdial myclospongium. The roof and floor of the . 
canal are also quite thin and undeveloped. 

At this period there is still no sign of cither anterior or posterior (dorsal or 
ventral) fissures of the cord. These become formed as the comua of the grey matter 
grow ont from the central moss, and eg the anterior and posterior white colnmns 
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increBBe in extent. The anterior fieanre is simply a cleft left between the enla^ng 
lateral halreB of the cord ; the anterior commiBsure ie formed across the bottom of 
the cleft, which is thereby eeparated from the central canal. As for the posterior 
iiBsore, it is uncertain whether it is in part formed from the dorsal portion of the 
constricted canal, which has become occupied by an ingrowth of pia mater, and 
converted into a mere septum of connective tissue, or whether this fissure with iis 
connective tissue septum becomes formed independently of the central canal, which, 
as the fissure extends, gradually atrophies nntU it is eventually converted into the 
rudimentary epithelial tube which is persistent during life. 

In the sacral legion of biidB, the central canal expaude ioto the rbomlKiidal sums, and in 
the /iluni terminale of the human cord it remains relatively largei An open enlargement 
anali^otie to the rhomboidal sinua of birds, althongh relatively amsller, haa been described by 
Tiedemann in a nine-week hnman fcetna. 

The cord is at first oblong oval in section, with an angular depression in each 
side which serves to mark off the situation of the future posterior columns aud 
their corresponding grey matter from the antero-Iateral region. These two parts of 
the lateral neural epiblast may be dtetingniBhed as the dorso-lateral (alar) and the 
ventro-lateral (basal) laminee ; with the former, the afferent nerve-fibree become 

Pig. 67. — BauR ud bpiii«l oord bxpcsid non bkbihd ur a. kitdb or 
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connected, whilst from the latter the efferent fibres take origin 
(Hie). In the human embryo of six weeks; they are well marked 
off from one another, and their respective connections with the 
posterior and anterior nerve-roots are veiy distinct (fig. 66). In 
the upper part of the cord, the lateral nerve-roots (spinal accesBOiy) 
also arise from the basal lamina. The characteristic cylindri^ 
form of the cord is only attained with the development of the 
lateral columns. The cervical and lumbar enlargements are nujii- 
fest at the end of the third month. 

Up to the fourth month, the cord and the vertebral canal 
increase in length ^rt passu, but the vertebral column then 
begins to grow more rapidly than the cord, so that by the time of 
birth the coccygeal end of the cord is opposite the third lumbar 
vertebra, while in the adult its limit is the lower end of the first lumbar. Along with 
this relative shifting of the cord and its containing tube, the lower nerve-roots lose 
their regular rectangular course, and become oblique. They alone, with the 
filum terminale, occupy the lower end of the neural canal, where they form the 
Cauda equina. 

The nerve fibres of the white colnmns are at first entirely non-medullated, and 
the white substance has a greyish transparent appearance. The meduUaiy sheath 
16 not formed simnltaneonsly in all parts, but appears at different times in different 
parts corresponding with the tracts of conduction ; the last of these tracts to become 
mcdullated are the pyramidal tracts. 

' The membranes are formed from mesoblast of the protovertehne, which extends 
over and under the cord, and becomes enclosed along with that structure within 
the developing vertebral canal. The septa of connective tissue which are seen 
penetrating into the enbstance of the cord from the pia mater grow in from thia 
mesoblflst, carrying blood-veKsela amuugst the nervous elements. The neuroglia or 
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general sostentacnlar sabstanoe of both white and grey matter is probably derived 
from the spongioblasts, and is therefore, like the nerve-cells themselves, of epiblastio 
origin. 

DXVaiiOFMlINT OF THX BRAIN. 

We have already traced the development of the cephalic part of the neural tube 
as far as the formation of the primary cerebral vesicles. These, which are at first 
three in number (fig. 40), become subdivided so as to form five in all, which may 
be termed in succession from before back, the first, second, third, fourth, and fifth 
secondary vesicles. Of these five parts the first two, which represent the cerebral and 
thalamic parts of the future brain (third ventricle), are derived from the first primary 
vesicle, and the last two, the cerebellar and bulbar parts (fourth ventricle), from the 
third primary vesicle, while the third, middle, or quadrigeminal part, represents the 
undivided second primary vesicle (Sylvian aqueduct). These relationships, as well 
as the several parts of the brain which are eventually respectively formed in connec- 
tion with the vesicles, are shown in the subjoined table. 

' Anterior end of third ventricle, fora- 



L Anterior primary vesi- 
de or f ore-bndn 



' First Beoondaiy veeidle 
(jfTOieneephalon) 



mina of Monro, lateral ventri- 
oles, cerebral hemisplierea, olfac- 
tory bulbs and tracts, corpora 
striata, corpus callosam, fornix 



Second secondary vesicle ( ^ """^^t^' .^Pf « ,^«^ .^ 
r/A.r7^«.M.^^W/m^ { retina, optic thalami, pituitary 

ithalamimcephuhn) ^ and pineal bodies. 



IL Middle primary vesicle ( Third secondary vesicle ( Aqnednct of Sylvius, corpora quad- 
or mkl-brain C (meseneephalon) \ rigemina^ crura cerebri. 



(Fourth secondary vesicle / / Cerebellum. Pans. 

Fifth eeoondaiy vodole ( ( HedtOU oUong«i«L 

(fMteneephdlon) 

The first and most striking change which occurs in the primary brain is the 
outgrowth on either side of the first primary vesicle of a hollow protrusion (primary 
opUe vmele)^ which becomes developed eventually into optic nerve and retina 
(fig. 68). The changes which it undergoes in the formation of these structures will 
be considered when the development of the eye is dealt with ; suffice it for the 
present to say that the fi'ee hollow communication (optic stalk), which at first exists 
between the forebrain and optic vesicle, becomes gradually narrowed and at length 
obliterated, and that as development proceeds, the connection of the optic stalk 
becomes relatively shifted backwards, so that when the anterior part of the fore-brain 
is distinct from the posterior part, or thalamencephalon, the optic vesicle is connected 
wholly with the latter, a relationship which is maintained permanently, although 
partially obscured afterwards by the later connection which is formed between the 
optic tract and the mid-brain. Subsequently another pair of hollow outgrowths 
sprouts from the fore-brain, and these rapidly extend forwards, laterally and back- 
wards ; they form the vesicles of the cerebral hemispheres. From the roof of the fore- 
brain (second vesicle) a median hollow protrusion grows upwards and forwards for a 
certain distance towards the vertex, and from the floor of the same vesicle another 
somewhat similar protrusion passes downwards and backwards towards the roof of 
the mouth. The former is the rudiment of the pineal gland, the latter of the 
in/undibulum, which becomes involved in the formation of the pituitary body. 

The principal parts of the brain appear as thickeninp in different parts of the 
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walls of the TeRiclee. Thns the corpora striata are formed in the floor of the hemi- 
ephere vesiclee, whilst the principal masa of each hemisphere is formed from the 
toof tmd sidea (mantle) of those TesicleB, and the ol&ctoiy lobes are hollow oat- 
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growths from them. The cavities of the hemi- 
sphere-vesicles become the lateral ventricles, and 
the cavity of the part of the fore-brain (or first 
secondary vesicle) from which tbey spring, forms 
the anterior extremity of the third ventricle. 
The optic thalamus is formed by a thickeniag 
of the lateral wall of the second vesicle, the 
cavity of which comes to be the maia part of 
the third ventncle ; the corpora qnadrigemina 
are thickenings in the roof, and the crura cerebri 
thickenmgs of the sides and floor of the third 
vesicle, which becomes the aqueduct of Sylvins ; 
the cerebellum and pons are respectively thick- 
enings of the roof and floor and the crura cere- 
belli of the sides of the fourth vesicle (anterior 
part of hind-bram), the cavity of which becomes 
the anterior (superior) part of the fourth ven- 
tncle and finally, the medulla oblongata is 
developed as a thickening of the wall of the 
fifth vesicle, the cavity of which expands from 
the central canal of the spinal cord to form the calamus scriptonuB of the fourth 




On the other hand, certain parts of the walls of the vesicles become thin and 
greatly expanded, and even eventually project into the cavities as folds of epithelium 

^ / Fig 69. — OdTLIHB of A LORaiTDtHXAL 
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covering ramified vascular expansions of pia mater (choroid plexuses). These 
vascular expansions occnr along the lower border of the mesial sarfece of each 
hemisphere- vesicle (choroid plexuses of lateral ventricles) ; along the roof of the 
second vesicle (choroid plexus of third ventricle), and in the roof of the fifth vesicle 
(choroid plexus of fonrth ventricle). 



DEVELOPMENT OF SPECIAL PARTS OF THE BRAIN. 68 

While these changes are going on in its walls the embryonic brain does not 
remain straight as at first, with its axis in a line with that of the spinal cord, bnt 
undergoes certain flexures (fig. 70), the general result of which is to bend the 
anterior end towards the ventral surface. The first of these flexures to make 
its appearance is a sharp bend opposite the base of the mid-brain and around the ante- 
rior end of the notochord. The result of this flexure, which produces a complete 
doubling round of the anterior part of the brain, is that the mid-brain is for a time 
the most prominent part of the encephalon. Later, the growth of the cerebral 
vesicles, and of the thalamencephalon, brings these parts again into prominence, and 
tends to obscure the flexure, which is, however, never actually obliterated. The second 
cerebral flexure, which is also very sharp and well marked, occurs in the region of 
the hind-brain (pons Varolii). It is in the opposite direction to the first one, its 
concavity being directed towards the dorsum of the embryo, and it produces the 
appearance of a deep depression at the part of the brain where it occurs. The third 
flexure is a more gradual one. It occurs at the junction of the hind-brain with the 
cord, the embryonic medulla oblongata being bent ventralwards from the line of 
direction of the medulla spinalis. 

The result of these flexures is that the axis of the embryonic brain takes a crook- 
shape, passing from the end of the spinal axis at first ventral, then dorsal, and then 
again ventral, finally bending sharply backwards towards its termination at the 
foramen of Monro. 

The second and third flexures become eventually almost entirely obliterated with 
the further growth of the brain. 



TUBTHBB DSTAIIia BHaABDINa THB DSVllZiOFBaiirT OT SPnOZAIi PARTS OT 



The fifth oereteal vasida: bulbar Tasdcla, or matanoaphalon. — ^This 
part of the embryonic brain, afterwards to become the madnlla oblongata, often 
shows at its first appearance — especially in the chick — a series of slight constrictions 
(fig. 68), which have by some been taken to indicate a segmentation of the neural tube. 
But even where they occur they are quite temporary, and the fifth vesicle soon becomes 
a well marked dilatation opening out from the anterior end of the embryonic spinal 
cord. Its wall, like that of all the other cerebral vesicles, is composed of cells 
similar to those of the rest of the neural tube, and the histogenetic changes which 
occur to form the nervous tissue are also entirely similar. 

Sections across this part of the neural tube are of a compressed oval outline in 
the lower part (fig. 71, A, b), but in the upper part, which afterwards becomes the 
lower part of the fourth ventricle, the thinning out and lateral expansion of the 
dorsal wall of the tube gives to sections of this and the next (fourth) vesicle the 
shape of an irregular triangle, or shield, the base of the triangle being directed 
towards the dorsum (roof) and the sides bent more or less sharply inwards about 
their middle to unite with one another ventrally at the apex of the triangle (figs. 
72, 73). This bend serves to mark a division of each side of the tube into 
two parts, a dorso-lateral and a ventro-lateral, which correspond, both in their 
situation and in their relationship to afferent and efferent nerves, with the alar 
and basal lamin» of the embryonic cord (p. 60), with which they are in fact 
continuous. The thinning out and lateral expansion of the roof in the region 
of the fourth ventricle tends to open up the angle which the ventral laminas 
form with one another, and to throw the dorsal laminsa more to the side, so that 
what were previously the lateral boundaries of the neural tube come to occupy the 
90-called floor of the fourth ventricle, and since in this region the roof becomes 
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bjpcphyais-fold of buccal epibUst ; Rl, oUacUny lobe. In C the basilar arter; is repreaented along ill 
whole QOtuee. 



DEVELOPMENT OP THE MEDULLA OBLOSOATA. 65 

reduced to a thin layer of flattened epithelinm, the sabstance of this part of the 
mednlla oblongata is wholly formed by a thickening of the shifted lateral boundaries. 
In these, the bend marking the distinction between the ventral and doreal laminae — 
now by change of position mesial and external — continues to be evident, and is in 
fact recoguizable even in sections of the fully -developed brain. 

Of the longitudinal columns of the mednUa oblongata the restitonn bodim first beoome 
promloent (third month in the human embryo). The (anterior) pyramids are ob?ioas in the fifth 
month, and the oLiTiuy tubercle abont the Eixtb. Bat before any of these, and indeed with 
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66 CE&BBELLAK VESICLE. 

Ute earliest appeonnoe of the nerre roots, tha white tnudles — not yet medoU&ted, how* 
erer — which are known aa the a«cendiDg: root of the fifth, and the asoeudiiig' root of the -ratnis 
and KlosBopharTitgeal (eolitaiy bundle) begin to make their appearance, both being at finrt on 
the surface of the mednlla. They gcadoally, however, beoome covered in by a folding ovw of 
the doisal part of the alar lamina, and thna come later to lie imbedded in the eubstanoe of 
each lateral half of the medulla. Thia fold in shown in its commencement in Eg. 73, a and 
B,/. According to Hie the bimdles grow downwards towards the spinal cord from the places 
of entianoe of the corresponding nerve roots, emerging' from the ganglia, as in the case of the 
posterior spinal roota ; and after entering the medulla grow gradually along the course of the 
future so-called asoending roots, so that the latter are at fint Tisible only in sectioDB token 
near the plooee of entrance of the nerre roota into the medulla, 

Tli« fbnrth oaraliral vende: carsbellar vatiole, or epencapliftloii. — The 

oonstricdon, which ie at first obvious betweea this and the fifth vesicle, doea not 
long persist, so that the two together form a long boat-shaped cavity which becomes 

Fig 74 — Mediai siction tbbotiob 

MagniSed 5 diometen 
The mesial Eurfnce of the left 
cerebral hemisphere u seen m the 
upper and nght hand part of the 
figure , the large cavity of the tfaird 
ventncle is bounded above and in 
front by a thin lominB bclov la seen 
the lafandibulnm and pituitary body. 
Filhng the upper part of the cavity 
IS the thalamua opticus m front and 
below IhiB la the alit-like foramen of 
Monro Behind the thalamua is seen 
another slit like opeaing which leada 
into the ftiQ hollow eitenial geni* 
culate body. 

olf, olfactory lobe ; p, pitaituj 
body ; c q., corpora quadrigemiDa ; 
cb, cerebellum; m.o,, medulla ob- 
longata. 

the fourth ventricle. As in 
Chat part of this cavity which 
has ah^ady been described with the fifth veaicle, the roof inferiorly becomes greatly 
thinned and expanded. Superiorly the tube becomes gradually more contracted and 
the roof thicker, this thickening being the rudiment of the cerebellum and of the 
valve of Vieaasens (fig. 74). In the meanwhile a considerable thickening of the 
lateral bonndaries, which, as in the medulla oblongata, have been thrown outwards 
by the roof expansion, occurs, and ftom this the substance of the pons is gradually 
formed. 

The dorsal and ventral lamioce of the lateral walls are still evident in this part of 
the embryonic brain. With the former, the sensory fibres of the fifth nerve are 
. immediately connected ; with the latter, the motor fibres of the fifth and also the 
sixth and seventh nen-ea. 

In the human embryo the o«r«belliuii is seen as early as the second month, 
forming a thin plate arching over the anterior part of this vesicle (fig. 74). From 
this plate, which enlarges only gradnally, is formed the middle lobe ; later the lateral 
lobes grow out at the sides. The cerebellar surface is at first smooth, but a sab- 
division into the subordinate lobes occnra in the fifth month, and the folia appear 
about the sixth. In the seventh month all the parts of the oi^an, except the 
amygdalae, are formed. 

Of the cerebellar peduncles, the inferior appear in the third month, the middle in 
the fourth, and the superiorJn the fifth. The transverse fibres of the pons develop 
paripatm with the lateral lobes, appearing about the fourth month. 
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Th« third cwreliral vesicle: maMBoepIialou: mid-brain. — In thia region 
no expansion of the veeicle with thinning of the roof occurs, as in the othere, but, on 
the contrary, the roof undergoes considerable thickening (fig. 74). About the third 
month, this thickening becomes separated into two by a median groove. These cor- 
respond with the corpora bigemina of lower Tertebrates ; it is only in mammals that 
they become further sabdivided by a transverse fnrrow. This appears in man about 
the fifth month, and the eminences, which are at first large in proportion to the size 

Kg. 75.— FcgTAL BRUM OP THK 
TBIBD MOUTH. (HlS. ) 

The biain is repreaentcd ia 
profilt:, but the extemBl voll of 
the right hemispbere iam been 
nmared to ■bow the interior of 
tfae latenl ventricle with the cor- 
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meiiid wall of ths heniiapben 
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of the brain, thus become 
the corpora quadrigemtHa. 

The fibres of the third 
nerve originate in the ven- 
tral lamina of this part of 
the neural tube r the teg- 
mentum and cruata become (".(^ | 
formed as thickenings aloi^ 
the same lamina : the vesi- 
cle itself becomes the ojae- 
Auct of StjJvius. 

In the constriction between the third and fonrth vesicles (utAmm of His) tfae 
fourth nerve takes origin in the ventral plat« of the neural tube. 

The aecond oenbnU venale (thalamenoephalon). — It is from thia part 
of the neural tube that the prmari/ optic veaicks are developed in the earliest 
period, and they are for some time in free communication with its cavity along the 
hollow optic stalks. But with the fonnation of the optic nerves and optic tracts, 
the stalks become solid, and are, moreover, connected posteriorly with the mid-brain 
by a prolongation backwards of the tracts. The opiic thalamne of each side is 
formed by a thickening of the lateral wall of the vesicle (figs. 74, 78). The interval 
between the thalami forms the cavity of the third ventricle. Across it the grey 
commissure subsequently stretches. The floor becomes prolonged downwards into 
the inliindibnlnm, and takes part in the formation of the pituitary body (figs. 69, 74). 
The roof, on the other hand, becomes like tiiat of the fifth vesicle, thin and expanded, 
and remains as a single layer of flat epithelium cells inflected into the ventricle and 
subsequently occupied by vascnlar growths of pia mater (choroid plexns of third 
ventricle, fig. 69, ck*). But at the posterior part of the roof there is a transverse 
thickening to form the posterior commissure, and in front of this the roof grows 
upwards and forwards, but subsequently backwards (in man) as a hollow median 
process to form t]i^ pineal gland {epiphysis cerebri). The median process soon takes 
on a tubular shape (fig. 69, pin), and, after a time, becomes branched, and forms a 
number of tubular follicles lined by ciliated epithelium, and invested by vascular pia 
mater. These follicles tend, in man and mammals, as development proceeds, to 
iKcome solid and occupied by calcaieons deposit. But in some reptiles the pineal 
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tabe remains BJngle, and appears as tbe long stalk — ^partly hollow, and partly solid 
— of a rudimentaiy median or parietal eye, which occupies an aperture in the middle 
line of the akuU (de Graaf, Baldwin Spencer). The pitoitaxy body (hypophyaia 
cerebri) is chiefly formed by a diverticnliun of the buccal epiblast (diverticulum of 
Rathke) which grows upwards towards the base of the second cerebral vesicle, and 
dilates into a flask -shaped expansion which is at first simple, but subsequently grows 
out to form a small mass of epithelial tubes, the lumen of which becomes eventu^y 
obliterated. Against the posterior wall of this flask-shaped dilatation the infun- 
dlbulnm grows down from the floor of the second vesicle, and its extremity becomes 
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HABBii (iiBRTo, AnsH luR OPiHura OT Tui FAUCIS. (From HlhalkoTicB.) 
be, baaia cianii with basilaj- arler; ; \f, infundibulum ; t}ia, floor of thslamencephaloD ; py, pitoitarj' 
diTerticulum, dot clowd ; p', lUlk of origiiial eommnnieatiDD vith the moath ; ph, pharTni ; 
ell, notochord in the apheDO-oocipital part oF the craoial btuia. 

intimately connected with the dOatation, but without communicating with its 
cavity, although bound up together by the same vascular connective tissue. In 
connection with this extension of the uifundibulum, nerve cells and fibres become 
formed ; in lower vertebrates they persist and retain their connection with the 
bmin. The notochord extends in the basis cranii as far as tbe pituitary body. Just 
before reaching this, it bends ventralwards towards Bathke's diverticnlum, and here 
blends with the buccal epiblast (Bonnet). 

Dohm has Bbown tliat in Prtromjrzon the hTpophTsis developes as a separate median 
diverticulum of tbe esCenutl epiblast which ia formed between the oosal pit in front and the 
buccal inTB^ation (atonodnam) behind, and ^owr etnugfht backwards as « canal of some 
leufTth towards the point of t^ notochord, where follicles develope from it and become con- 
nected with the inf imdibnlnm. Later, its orifice is found to open in conunon with that of the 
nasal piL 

Tha flrvt osrebrml tmIcIs : prosauMpholoiL.— This is lepresented by the 
conmwn point at the front of the third ventricle, whence the hemisphere vesicles 
diverge through the foramina of Monro, and by these vesicles themselves. The 
origi^ vesicle is therefore relatively small, although its lateral outgrowths form by 



THE FIRST CEREBRAL VESICLE. 



69 



far the largest portion of the brain in higher vertebrates. The corpora striata 
appear as thickenings of the floor of the hemisphere vesicles, and ontside them the 
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Fig. 78. — ThSBB SSOTIOHS THROUOH THB FORS-BmOH OF A FOUB AND A HALF WKBKS EMBBTO. (His.) 

A. Through the lower anterior part of the fore-brain ; 8, falx : Sf, fold of roof passing below falx 
towards the third ventricle ; Bf, fold forming the salens ammonis ; v.Rl, h.Jtl., anterior and posterior 
parts of olfactory lobe ; d, corpos striatum ; 0. fV, groove continuous with optic stalk ; P.s, pars 
subthalamica ; T.Cy tuber cinereum. 

B. Section a littlo further back. Sf is replaced by a less prominent but broader fold of the roof, 
Ad, which subsequently receives the choroidal vessels, and is therefore the choroidal fold ; i7«, 
hemisphere vesicle ; Th, thalamus ; S.M, sulcus of Monro, below and behind the thalamus. 

C. Still further back ; Ad, choroidal fold here projecting into lateral ventricles, but still free from 
mesoblast and bloodvessels ; Jbfa, mammillary tubercle. The other lettering as before. 
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grey and white matter of the island of Beil becomes differentiated. The rest of the 
wall of the hemisphere veeicle {mantle of Reichert), although remaining for a time 
thinner than the floor, eventnally thickens to form the whole of the grey and white 
matter of the hemisphere, except along the hne where the mesoblaat, which is to 
form the choroid plexus of the lateral ventricle, passes into the choroidal fold of the 
neural epiblast, which becomes thinned out over the invading mesoblaet and con- 
verted into Che epithelial covering of the plexus. 

The growth of the hemispheres takes place gradually. They extend at flrst some- 
what forwards and opwards, sepafated by a thin layer of mesoblast which forms the 
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the fDramiiuk of Monro, ii 
the tbird uid lateral venlrictes lome- 
what farther back, it, corpus stria- 
tum ; th, optic thalamus ; t, third 
ventricle ; c, ^, rudiment of interna] 
capsule and corona radiata; i, lateral 
ventricle with choroid plexns, pi ; 
h, hippocampna major ; /, primitive 
falx ; a, orbito-sphenoid ; «i, pre- 
sphenoid: p, phai^nx; ch, diiBsma; 
0, optic nerre ; nt, m, foiamind of 
Monro ; lo, optic tnct ; out, Meckel*! 
caitilage. 

falx, but soon begin to pass 
progressively backwards, so 
that by the end of the third 
month they have covered the 
region of the optic thalami, by 
the fonrth month they have 
reached the corpora quadri- 
gemina, and by the sixth they 
cover not only the corpora 
qnadrigemina, but also a great 
part of the cerebellum, pro- 
jecting even beyond this by 
the end of the seventh month. 
In front, and for some dis- 
tance backward over the roof 
of the third ventricle, where 
the vesicles are not separated 
by the fabc, their mesial sur- 
faces come into contact, and, 
during the third month, partly 
grow together, but in such a 
manner as to leave anteriorly 
just in front of the third 
'" ventricle, a triangular area 

free in the middle, but completely surrounded at its periphery by the united parts. 
Thus is formed the cavity which is known as the Ji/lh ventricle or vetitrkle of tlie 
leptum lucidum, which at no time has any conmiunication with the vesicles of the 
cerebral hemispheres, nor with any other of the cerebral vesicles. 
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The commiesmeB of the cerebral hemiapheres are also formed in the tinited portion 
of the meeial walls of the vesicles ; the anterior is the earliest to appear, thus 
coinciding with the early appearance of the corpora striata, which it unites in iront. 
The anterior part of the fornix, with its pillani, and the corpus albicans (which is 
at first single and median) are next formed, followed at a later period bj the 
posterior pillars, which are seen running backwards on each side into the coma 
unmonis as soon as this stmctnre becomes distinct. The corpns callosum is the 
last of the commissures to be formed. Its anterior part appears first, bnt as the 
hemispheres extend backwards the formation of the commissure accompanies the 
backward extension. 

The oUikotoiy lobes are formed as hollow outgrowths firom the lower and 
literal parts of the hemisphere Tesicles (figs. 70, 74). In man they soon show a 
division into two parts, an anterior and posterior ; of which the latter remains in 
close connection with the hemisphere vesicle, while the anterior grows ont towards 





Pig, 80,— Thb BtrnricB of the fotal bruh at sn hontbs, (K, Wagner.) 

This Sgare ebows tfaa formatian of the pnncipal Gunrei, A, from abon ; B, from the left aide, 

P, frontAl lobe ; P, parietal : 0, occipital ; T, temporal ; a, a, a, alight Bpptaiance of sulci in the 
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lolcua ; p, parietO'Dccipital finure, 

I^ SI.^VllW OF THI IimER EDRf. 

ElK II0KTB9. (Reicbert.) 
P, frontal lobe ; P. parietal ; 0, occipital ; 
T, temporal ; /, oUactorj" bulb ; //, optic 
nene ; fp, calloso •marginal lissure ; p,p', parts 
of the parieto- occipital fiesare ; h, calcarine 
finnre ; g, g, gyrus fornicatuB ; c, e, corpua 
aUloeum ; », septum lucidum ; /, placed be- 
tween the middle coiDmisiure ami the foramen 
ol Mooro ; r, in the iip|ier part of the third 
Tentticle ; v*. in the back part of the third 
Tentricle ; ■d', in the lover part of tba third 
Tentricle above the infundibiilum ; r, recfBsuB 
pinenlia ; pv, pons Varolii ; t'«, cerebellum. 

the olfactory area of the external epiblast. After the first month these lobes are 
relatively small in size and their cavities become gradnally obliterated, but in some 
animals, as in the horse, they are large, and their cavities are permanently in 
communication with the anterior cornua of the lateral ventricles. Their ftirther 
development is given subsequently (p. 79). 

Formatioa of tlio flwuze* uid oonTolotioiia, — The enlargement of the 
cranium does not always keep pace with the growth in extent of the walls of the 
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hemisphere vesicles, so that it happeoa that the former are thrown into folds 
separated by sulci, and the surface loses it« smooth appearance. Such relatively 
Tapid growth occurs during the strand and third month in the human embryo, 
resulting in the production of a number of infoldiugs of the surfece, which are 
mostly transverse to the (bent) axis of the brain, although one or two on the mesial 
surface run parallel to that axis. These infoldings of the surface, which may be 
termed temporary at primitive sulci, necessarily have a corresponding projection into 
the cavity of the thin- walled hemisphere vesicle (fig. 75). During the fourth month, 
probably owing to a relatively more rapid expansion of the cranium, most of these 
primitive sulci become obliterated, and the cerebral surface is ^;ain almost smooth. 
Three, however, of the primitive sulci remain as permanent fissures of the braiu,^ 
and since the fissure of Sylvius is also now formed, although in a somewhat different 
manner, the hemisphere of the hnman fcetus at the beginning of the fifth month is 
marked by four well characterised sulci having corresponding projections into the 
interior of its cavity. These permanent primitive sulci are the following :— 

1. The hippocampal snlcns, corresponding with the projection of the coma 
ammouls (hippocampus) into the lateral ventricle. 




Fig. 82.— FatiL B 

A. , from aboTe ; B. , from the side ; C. , meaia] surface. 
So, RolaDdic aulcus : Sy, Sjlvim fissure ; par.oct, parieto-tKcipital ; eatc, c&lcarim ; pr.c, prenentnJ', 
^, parallel ; int.par, intniiarietal ; eall.mar, calliwo-marginal ; uik, uucus. 

2. The parieto-occipital sulcus, corresponding with the bend of the posterior 
coma of that ventricle. 

3. The calcarine sulcus, corresponding with the projection of the calcar avis. 

4. The Sylvian fissure, corresponding with the curve of the lateral ventricle. 

To these may be reckoned the longitudinal infolding of the mesial wall of the 

' It is, however, uncertain vhether the temporuy inlci ileve1op« into or whether thej are replaced 
hj correapoDdiDg permanent aulci. See on thii mbjeet a paper l^ D. J. Cunningham in the Jonmal of 
Analomj, April, 1890. 
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hemisphere just below the hippocampal buIcue, which is caused by the ingrowth of 
the choroid plexos of the lateral ventricle. 

Acconling to Ecker. the fissmv of Sylvioa is the first ot the primitive snlci to appear. It is 
visible before the end of the third month, as & wide, eballow depression, which divides the lower 
maririn of the heraisphere into two nearlj equal portionH, and at the Ixittora of which is seen 
the thickening of the Soor of the veeicle from which the corpus atriatmn and the island of 
BeQ are developed. This fissare appears to be formed bj a curving of the still thin-walled 
hemisphere vesicle over that thickening, Around which the veeicle bends ; and its anterior and 
poaterior parts ultimately meet along the line which marks the posterior limb of the 
Sylvian fissure in the developed biain. The anterior limb is produced much later by a further 
folding over of that part of the mantle which is in front ot the fOBxa Sylvii. The figenre 
remains until nearly the end of fcetal life as • widely open depression, at the bottom of 
which the island of Eeil is readily visible. It closes gradually from behind forwards. 

The other snlci are distiDgaished from the foar above -numerated in the fact that 
thej aie depressions of the surface merely, and not infoldings of the whole thickness 
of the wall of the hemisphere vesicle.^ They begin to appear about the end of the 
fifth month, the fiBsnre of Rolando being the first to show (figs, 80 and 81). 

By the end of the sixth month the precentral and inferior Irontal anlci, the 
intraparietal, the saperior occipital, the parallel, the inferior temporal, the calloso- 
marginal, and the collateral fieeores have become visible, as well as the anterior 
hmb of the Sylvian fissure. 

By the end of the seventh month (see fig. 83) most of the remaining principal 
convolutions and fissures have appeared, and those which were previoudy present 
have increased both in length and depth. They are, however, all comparatively 
short and simple. During the eighth month, they continue to increase in length 
and depth, and the remaining sulci become gradually developed, bat even in the 
ninth month there are none of the accessory or second^ furrows which add so much 
to the complexity of the developed brain. The last of the principal snlci to make 
their appearance are the inferior occipito-temporaL 

DSTSLOPMSHS OF THS lOBBTia 

Spinal nerres. — At an early period of development, in some cases even before 
the closure of the neural groove, in others during or shortly after that event, there 

I. (Balfour.) 

ne, neural canal ; pr, ganglioa radimeut mnning from neural 
treat ; z, tab-iiotochordid rod ; ao, BortK ; ic, faiieUl mesobUst ; ip, 
viaceral maoblsBt ; mp, jaascle plate ; t«p', portion of muscle plata 
CDDTerted into miude ; Vv, portion of proto-verUbra which will give 
rise to the vertebra ; al, alimentu; canal. 

grows out bi-laterally from the angle of junction of the 
neural with the general epiblast (fig. 89), and conse- 
qnently at the dorsal aspect of the neural tube a 
continnous ridge or crest of epiblast, which was first de- 
scribed by Balfour in elasmobranch fishes : this is termed 
the neural crest. At intervals along the sides of the 
neural crest, corresponding with the middle of each 
mesoblastic somite or proto-vertebra, special clavate 
enlaigementa or 'outgrowths of the neural crest occtir 

(fig. 83,^). These grow downwards along the dorso-Iateral aspect of the neural canal, 

between the protovertebra and the canal. They remain for a time attached above 

' An iixceptior 
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to the doraal aapect of the neural tnbe, but that attBchment becomes subsaqnentlf 
lost, and they then form completely isolated portions of epiblast, composed of oval 
cells, and lying at the side of the embtyonic cord between it and the muBcIe plates 
of the protovertebrffi (fig. 84). These are the mdimento of the posterior-root 
ganglia. The remainder of the nenral crest disappears ; at least in meet vertebrata. 
Some little lime after the separation of these ganglion-ntdiments, the ventral or 
anterior roots of the spinal nerves begin to grow oat irom the ventro-Iateral aspect of 
the neural tnbe. They were origimilly described by Balfonr in elaamobrancfas, as 
fbrming bad-like outgrowths from the nenral epiblast, the outgrowths being com- 
posed of spindle-shaped cells (fig. 84, ar). Bnt according to the recent and extended 




L TOBPtno SHBBTO. (BalfouT.) 
root ; cA, notochord ; nc, nenrtl canal ; tap, mascle- 



yt ; g, g«naiiial cells in in 



observations of His in various classes of vertebrates, what actually grow out to form 
the anterior roots, are the fibrous prolongations (axis-cylinder processes) of neuro- 
blasts (v. antm, p. 58), which processes converge to the point of exit of the root 
and penetrate gradnally into the adjoining mesoblast (fig. 85, a. r), where they 
come into close contact with tbe previously formed gauglion rudiments of the pos- 
terior rootB.1 

The fibres of the posterior roots are developed, according to His, as processes 
from the oval cells of the ganglion rudiment. These cells are in fact neuroblasts, 
and From either end of each cell, which is thus rendered bipolar (fig. 86), a process 
becoming eventually the axis-cylinder of a nerve-fibre grows out, one towards the 
central organ, the other towards the periphery. The centrally directed processes 
soon roach and grow into the embryonic cord at its dorso-Iateral aspect, where they 
are presently seen in sections occupying an oval area near the periphery of the cord ; 
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this area is tfae beginning of the poeterior white cdnmn (fig. 87) : the farther coaise 
aod attachments of the ingrowing fibres in the cord are not accurately known, but 
they appear to bifnrcate and extend both upwards and downwards (Eamon y Gajal). 
The peripherally directed fibres grow downwards and join the bundle of fibres of the 
anterior root, to form together with them the mbted spinal nerve (fig. 88). 

The ads-cylinder processes which are^to form the fibres of the anterior roots 




Fig. 87. — Sectioh or spinii. cord or fodk weeks bdhin ehbbyit. (His.) 
The posterior roola are cantinDed within the cord into a email longitudinal lundle vhich ia the 
rndimeDt ot the poeterior white column. The anterior rools are formed by the lonvergence of the 
processes of the neuroblasts. The latter, along with the elongated cells of the mTeloEpongium compose 
the grey mutter. The external layer of the eord is travctHed by radiating fibrea which are the enter «ndl 
of the spoagiobtasts. The anterior commiuuie is beginning to appear. 

begin to make their appearance about the beginning of the fonrth week in the human 
embryo (His). Their growth towards the periphery is alow; even by the end 
of the second month they have not reached the tips of the fingerB and toes. 

Cranial nerves. — The neural crest is continuous along the dorsal aspect of the 
cerebral part of the neural tube as far as, and even beyond the mid-brain. As in 
the spinal part, clarate enlargements occur here also, but at somewhat irregular 
intervals, and form ganglion rudiments which become eeparated from the dorsal aspect 
of the tube, and acquire a new attachment on the lateral and Tcntral aspect. Such 
ganglion rudiments have been described for the third, fifth, seventh, eighth, ninth, 
and tenth nerves. 

In the chick the ganglion rudiments belonging to the cranial nerves appear as a 
thickening of the cephalic epiblast, just where it is folding round into the as yet 
unclosed neural canal (fig. 89, vg). This thickening, according to Golowine, is 
continuous laterally with a modified portion ot the external epiblast (sensory 
epiblast), and soon becomes subdivided into three ganglionic groups, and these, later, 
into separate ganglions. There is a corresponding subdivision of the sensot? 
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epiblaet into rndimenta of special eense organs, whicli become gr&dnftlly shifted 
downwards and outwards away from the ganglion mdimente, and form the so-called 



V" 




Fig. S8.— TaurgTiBBB e 



ScTLLioa. (Balfour.) 



ip.c, ipinAl cord ; ip.g, ganglion of posterior root ; or, anterior root ; cfn, donal ; tp.n, Tratnl 
bnnch of gpinnl nerre ; mp, muscle plate ; mp', part of muicle plate alreadf conTerted into mnwle ; 
np. (, part of muscle plate extending into the limb ; vl, nerrua laleislia ; oo. aorta ; ch, notochord ; 
tH-g, sympathetic ganglion ; ca.v, cardinal Tein ; id, EC^mental duct ; $i, segmeatal tube ; ilv, dnode- 
num ; hp.J, junction of hepatic dact vith it ; pan, rudiment of pancieas connected vith anoUier part 
of duodenum ; umc, opening of umbilical canal [vitelline duct). 

" branchial aenBe-otgana " of Beard. Thej become connected BDbBeqaentlj with 
ontgrowths from the posterior Derre-mdiments. 

Theee rudimentar? Benee organs IwTe been desoribed in muTn-nialM also (by Froriep). Thej 
appear (o represent the special senae organs of the gill clefta of fishes, which were fint de- 
scribed bf LeTdig (1850). Beard is of opinion that the uoee and ear are also qMcialieed 
branchial eense organs, the only ones that are persistent in higher vertebratee. This 
differentiation of a special seneoiy portion of epiblast into mdimenta of special sense- 
mgaos, ocCDiB according to Golowine's observations in the chick, not only in the head bot also 
in the trunk, where thej in all probability represent rudiments of " organs of the lateral line," 
such as are seen in Bshea. 

Taiions observers have described the ganglion mdiments as actoally becoming formed at 
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leMt in part at the expense of the sensoiy ^iblastic thickeniniTB. In conaecdoii with thia 
qneation it is worthy of note that from the sensory thickening which forma the olfoctory ana 
■ gsnglionic rodiment becomes formed which joinB the olfactory lobe of the brain, and givea 
origin to the olfactory nerre-fibres (Hie). 

Eren in the adolt, aa was shown by Thomaeii, tracea of pre-ezistent gangfUonic BtrDctnre 
can be found in the root of the third nerre, and aimilar. traces of tntngUonio atraotare have 



p«. 



— TauiTiitsa Btcriox 



(From Balfour. ] 

Jib, Mnd-braiD ; vg, Tagm 
nerve ; ep, epipbst ; e^, noto- 
cboid ; z, Bub-notochordal rod ; 
ai, throat ; ht, beut ; pp, bodj- 
raTity ; m, parietal mesoblaat ; 
ff, visceral mesoblast ; Jjr, hypo- 




also been described by Gaakell 
in the roots of the fourth 
nerre, in the motor root of the 
fifth, und in the root of the 
aeventh nerve. If these, as 
Qaokell Buppoeea, indicate the 
pre-ezistence of sensory ele- 
menta in the roots, it is pro- 
bable that these nerves and 
ganglia have all been origi- 
nally developed like Che posterior gangliated roota of the ^inal nerves, as oatgrowtha from 
the nenial crest. Whether the; are joined by outgrowths corresponding to the efferent fibres 
of the spinal nerves, or whether they onginally contain the elements of the efferent fibres, 
and thna resemble the spinal nerves of Amphloxus, in which there are no anterior root«, 
bnt both sensory and motor nerves are contained in the posterior roots, is not at present 
known. What is however clear Is that the ganglion oells and afferent fibres in the roots of 
the third, fourth, motor of fifth and seventh nerves, eventnaUy entirely diaappear, the efferent 
fibces alone remaining, while in the roots of the sixth, eleventh, and twelfth nerves efferent 
fibres only are found, and ganglionic rudiments are not developed at alL 

Aa is shown in another part of this work (Neurology) the nuclei of origin of the efferent 
cranial nerveaare disposedintwolongitndinal series. One of these series comprises the nnclei 
of origin of the aomatio efferent nerves of Gaakell, which correspond with the largest flbrea 
of a typical anterior spinal root, and the aeries of nnclei is a continuation of the cell-column 
of the anterior horn ; the nuclei of this series are those of the bypoglossal, or twelfth, the 
aixUi, fourth, and third. The other eeriea comprises the nuclei of origin of the splanohnio 
efferent nerves of Gaskell, which correspond with the medinm-aiied and amaUest flbrea of a 
Epical anterior spinal root, and the series is a continuation mainly of the cells of tlie lateral 
oomu or intermediolateral biaot, and partly, perhaps, of the oells of the base of the posterior 
bom ; the nuclei of this series are those of the apinal acceeeory, tfaoee of the efferent flbrea 
of the TBffua and glo»o-pharyi^eal, the facial, and the motor nnclens of the fifth. 

According to the obserrations of His, the distinctfon ioto an anterior or ventral 
(somatic) and a lateral (splanchnic) group of efferent fibres is well marked in the 
embryo hy the foct that tiie two kinds of efferent fibres take origin from entireljr 
difitrent parta of the basal lamina of the neural tube, those which correspond with 
the somatic efferent fibres originating from groups of nenroblasta near the middle 
line, while the otbera take their rise near the junction of the basal with the alar 
lamina (see fig. 90). With the alar lamina itself the afferent fibres are con- 
nected, but they do not arise from groups of cells within it, as do the efferent fibres 
vithin the basal lamina ; on the contrary, they effect their connection with the lamina 
by growing into it from a ganglion in the manner already described for the posterior 
roots of the spinal nerres, and they then appear in moat cases to grow downwards 
in the direction of the spinal cord. Thia is stated by His to be ^e case with the 
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Bensory root of the trigemiuas, which thna forms the white bundle known as the 
ascending rc>ot of the fifth, bnt which in ite actual growth ia descending ; and alao 
with the afferent fibres of the glosBo-pharyngeal and vagus which grow downwards 
in the medulla to form the so-called solitary handle.' These are traceable in the 
adult as far down as the middle and lower cervical region respectively, but in the 
embryo are at first quite short, and limited to near the place of attachment of the 




^90, A 



Id a, the origin of the EpiiuJ Mtxatorj tad hjpoglomal nerreB is ahovn, the fibres of both aiking 
from groups of nenioblssts in the bssal lamina of the neoial tube. In B, one of the roots of the hypo- 
glossal is still seen, end in addition the root of the Tagns nerve. This is represented as in part arising 
like that of the spinal acceraoi; in A, from a groap of neuroblasts in the basal lauuna, and in part from 
a bundle of lonsitudinall; conning Gbrea pU^ at the peripber; of tbs alar lamina, and corretpandJug 
in sitnatioQ to tbe commendag posterior vhite colomnl ihowD in fig. 87. 

nerve roots, becoming gradually longer as development proceeds. The solitary bundle 
is at first superficial, hke the ascending root of tbe fifth, bat it subsequently becomes 
coveted in by the bending over of the alar plate, and the formation of nervous sub- 
stance in this. The ganglion-rudiments from which the ingrowth of these afferent 
fibres takes place, become the Oasserian ganglion of the fifth, and the jugular 
ganglia of the glosso-pharyngeal and vagus. 

The auditory nerve-roots appear also to be formed by an ingrowth from the cells 
of its ganglion-rudiment into the alar plate. Subsequently the ganglion -rudiment 
becomea subdivided into three parte, one forming an intracranial ganglion, and the 
othersgivingrisetothebrancbesof thenerveto the cochlea and vestibule respectively 
(fig. 90, C). The part belonging to the cochlea (ganglion cochlese) forms ultimately 
the spiral ganglion ; while the one on the vestibular branch forms the gangliform 
gwelling of Scarpa. From a separated part of the ganglion cochleje tbe nerve to the 
posterior semicircular canal passes, as well as that to the macula of the saccule ; 
bom the vestibular ganghon the nerves to the other ampullae and to tbe utricle, are 
derived. The geniculated ganglion of the facial is derived from the same ganglionic 
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moas as forniBbes the ganglia of the snditory nerve, bat ita oella aie early diBtin- 
gnishable by their larger size and clearer appearaace. From these cells fibres, which 
are probably afferent (His), grow centrally into the hind-brain and peripherally along 




VI,, fibraa of aiith nerve taking origin from gioop of Denrobluto io bSHal lamiiu ; YlJ.O.g, gang- 
lion geniculi of the facial ; \llLG.i.c, iatcaci&ni^ ganglioa of auditoij ; VIII.Cv, guiglion veetiboli ; 
Vlll.ti.c, gaoglioD cocfaleie. 



the nerve, mingling with its efferent fibres. Some of these afTerent fibres may form 
the chorda tympani, but there are many more than are found in that nerve. 

The optic aams take origin as hollow outgrowths of the brain, which afterwards 
become solid, while nerve-fibres become developed in their walls. Their mode of 
origin will be further treated of in connection with the development of the eye. 

The olfactoi? lobe, which consists of the ol&ctory bulb and tract (oRen 
spoken of as the first or olfactory nerve), and the part of the base of the brain 
from which the tract arises, makes its appearance as a protrusion of the antero- 
ventral part of each cerebral hemisphere, extending towards the thickened olfactory 
area of the epiblast (see fig. 70, B, Rl ; and fig. 74, ol/). Tbis primitive olfactory 
lobe is early seen to be divided into anterior and posterior parts by a broad sulcus 
(fig. 95). Of the two parts, the anterior becomes considerably elongated, and 
ultimately forms not only the tract and bulb but also the trigonum olfactorinin, 
and a small area on the mesial side of this (termed by His Brood's area) ; whilst 
from the posterior, the larger part of the anterior perforated space (mesial to 
the lateral olfactory root) and the peduncle of the corpus collosum (gyrus 




Fig, 91. — Crikial mbetis 
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put of audttorr; g.p, gaogUoa petrotnm of glosaopharjDgnl yj gang on jngnlare of vaglu an 
anattomoaw ia aeen b«tveea these ; g tr gangi oa tnmci i^ agi» F gong on described by Pronep u 
btloDging to the hjpogloasal ; r.d, ramus d«K«ndeiu> of hTpoglonal oC ot c lesicla The eje a also 
npneeuted, and a part of the heaart. 




Rg. 92. — DiAoHAM SBOwtiia TBI OBRraiPETAL AID onmmraAi. boots or the csasul ribtis or 

(Hk) 

The plaoea ot exit of ths nerrea are marked bj dotted circtei ot OTaU. The effetent nervea (///., 
If, mF, VI, VII, pari of IX, XI, and XI 1), are aeen tq ariie within tbe norre centre from groups of 
neuToblaeta ; the Cerent Gbrea ( V.t, VIII, v and e, moet of IX, and X), pan a certain diitanoe ia* 
wards, and for the meet part alao caadalwanls in the Derrs-centie, aad there end. The ^nglion rudi- 
menta from which (hej hare grown are not ahown here. The; will ba foond in (he pteceding figure. 
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sabcallosus of Zuckerkandl) are developed. These parts are separated even in the 
odnlt by a sulcus, along which the mesial or internal olfactory root runs. 

The olfectory nerve fibres arise, according to His, from neuroblasts which 
become formed within the thickened epiblast of the olfactory area (see p. 95). 
This epiblast at a certain period of development resembles the neural epiblast, and 
whilst some of the cells become spongioblasts, others become pear-shaped, or spindle- 
shaped, and their processes grow as nerve fibres towards the olfactory lobe. Not 
only, however, do these fibres emerge from the olfactory epiblast, but some of the 
aenroblasts themselves also pass out, and these form a ganglion which lies between 
the olfactory lobe and the olfactory area. Subsequently this ganglion, the cells 
of which are prolonged at either end into nerve fibre processes, becomes attached 
to and partially invests the olfactory bulb, with which it ultimately blends, forming 
the part whence the olfactory nerve fibres pass to the Schneiderian membrane 
(layer of olfactory-glomeruli and nerve fibres), whilst bands of fibres on the other 
hand grow centripetally and become the ol&ctory roots. These are in fact 
comparable to the centripetal (so-called ''ascending") roots of the trigeminus, 
glossopharyngeal, and vagus. 

It is not until the third month that the part of the olfactory lobe which forms 
the bulb, begins to grow forwards away from the trigonum, and thus to form the 
olfactory tract. 

The onnial nexres, except the optio and olfactory, and the relations they bear to one 
another and to the visceral arches of the head, are shown in fi^. 91 as they occur in the human 
embryo of about f onr week& Fig*. 92 distingoishes diagrammatically the nerres which grow 
into the nerve centres (centrii>ctal or afferent nerves) from those which grow oat from the 
centres (centrifugal or efferent nerves), and the extent of growth inwards of the former in the 
lame embryo. 

The fljmpathetio nerves and ganglia. — That these are merely outgrowths 
of the cerebrospinal nervous system, nearly all recent observations, both morpho- 
logical and physiological, clearly show. But even before this fact had come to be 
generally recognized, it was known that they are developed in connection with the 
spinal nerres (Balfour), and indeed as ofishoots from the posterior spinal ganglia 
(Schenk and Birdsell, Onodi). They appear for a time as enlargements upon the 
main stem of each spinal nerve, but afterwards become connected with this by a 
short branch (r. communicans) (fig. 88), and with one another by a longitudinal 
commissure. The branch in question contains the splanchnic fibres of the spinal 
nerve, and the sympathetic ganglia are its splanchnic or vagrant ganglia (Gaskell). 
The splanchnic ganglia of the cranial nerves are probably formed in a similar way, 
but their mode of development has not as yet been worked out. 

The ciliary ganglion appears to be formed as an outgrowth of the Gktsserian ganglion (fig. 
91, e.g.) mnch in the same way as the sympathetic trunk ganglia are formed as offshoots of the 
posterior spinal gangliik In elasmobranchs it is derived ^m the ophthalmicus profundus 
ganglion, itself an offshoot of the Gasserian (Ewart). 

Paterson has recently described the sympathetic chain of ganglia as developing in mammals 
(rodents) from a continuous rod of mesoblast lying on either side of the aorta, and as becoming 
only secondarily segmented and connected with the cerebro-spinal nerves. But observations 
upon earlier embryoe than were used by Paterson are necessary before the mesoblastic origin 
of the rod can be admitted. 
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DEVELOPMENT OF THE EYE. 

The first development of the eye occurs as a hollow protrusion of the anterior 
cerebral vesicle— primary optic vesicle— in the manner akeady mentioned (see 
fig. 68, e, and &^. 93). The vesicle thus formed abuts externally against the 
external epiblast of the side of the head (fig. 96) ; and this external epiblast opposite 
the most prominent point of the primary optic vesicle, becomes thickened and in- 
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Kg. 93, A. — Brain of chick op 2kd day, 

YIBWSD FROM BELOW, TO SHOW TUB FORMA- 
TION OF THE OPTIC VESICLES BY OUTGROWTH 
OF THE SIDE OF THE FORE-BRAIN, AND AT 
THE SAME TIME BY THE FOLDING OYER OF 
THE ENLARGED PART, THE PRODUCTION OF 
A GROOVING OR CUPPING OF THE VESICLES. 

(His.) 

f.br., m.hr,f h.br.^ fore-, mid-, and hind- 
brain ; opt.y optic vesicle ; i, infundibulum. 

Fig. i»3, B. — Brain of human embryo of 

THREE WEEKS, SHOWING THE PRIMARY 
OPTIC VESICLES AS OUT-OROWTHS FROM THE 
FOREBRAIN. (His.) 




Fig. 94. — Side view of anterior 

PART OF brain OF MORE ADVANCED 
HUMAN EMBRYO, SHOWING THE 
PRIMARY OPTIC VESICLE FOLDED 
AND CUPPED. (Hifi.) 

c.h, cerebral hemisphere (part of) ; 
olf.f olfactory lobe ; opt.y optic cup. 



Rg. 95. — Side view of the same part of 

THE BRAIN IN A STILL MORE ADVANCED 
EMBRYO, THE BYE HAVING BEEN CUT AWAY. 
(HU.) 

opt.f cut end of optic stalk, showing the 
manner in which it is folded ; t, infuDdibn- 
lum ; olf.p.^ posterior part of olfactory lobe ; 
olf.a.y anterior part of the same ; c.A., cere> 
bral hemisphere ; t.c, tubes cinereum. 



vaginated, so as to form at first a hollow onp-shaped depression with thickened walls 
(figs. 97, 98), and subsequently by the closing in of the epiblast at the mouth of the 
cup, a hollow island of epithelial cells (fig. 99). This island, which is the rudimentary 
lens, lies between, but is entirely distinct from the external epiblaat on the one hand, 
and the neural epiblast of the primary optic vesicle on the other hand. Its forma- 
tion is accompanied by a cupping in of the primary optic vesicle (figs. 94, 97, 98), 
which is invaginated before it, and this invagination is increased by an ingrowth 
of mesoblast, which occurs between the lens and the cupped optic vesicle, and 
which subsequently forms the vitreous humour. Invaginated in this way the 
cavity of the original optic vesicle becomes almost entirely obliterated, and appears 
merely as a cleft between the two layers which form the wall of the so-called " optic 
cup." The inner of these two layere is from the first thicker than the outer, and in 
it are developed all the parts of the future retina from the membrana limitans interna 

o 2 
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to the layer of rods and cones, while from the oatei thinner layer the hexagonal 
pigmented epithelium of the retma, with its continuation into tht u\ea, is formed. 
The invagination of the pnmary optic Tesicle does not occur only opposite the 
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place where the lens is becoming involuted, bat aleo below, or ventral, to that place, 
80 that a section exactly through the middle of the optic cup at right angles to the 
axis of this part of the head, shows a gap in the boundaiy of the cup through which 
the mesoblaet is passing into the space between the lens and the invagiuated optic 
vesicle (fig. D8, v). This gap or cleft soon becomes closed, but the anture or line of 
closure long remains appareQt from the fact that when pigment begins to be de- 
posited in the eje, this so-called choroidal JUsure remains for some time uupigmented 
(antil the sixth week in man). 

The ventral inTt^ination is in mammals continued for a considerable diEtance 
iuto the stalk of the optic vesicle (fig. 95), and the simultaneous inclosnre of 
mesoblastic tissue leads to the introduction of the central blood-vessels of the retina 
witliin the optic nerve. In birds no such infolding of the stalk occura. 

The lower inTogmatioii of the optio cup serrea not onlj to permit of the pass^e of meao> 
blut behiod the leas for the formation of vitreous humour, but also t« ettablieb a direct 
connection between the ncrve-fibrea which are formed alonjr the conrae of the optio Btalk 
(future optio nerve) and the centre of the inner layer of the optic cup (future retina) (0. 
Hertwig). 

The malformation termed colobmiia iridit is attributed to a persistence of the choroidal 
cteft, which eitenda behind the iria along with the retimil pigment or uvea, aa far as the 
marr^ of the pupil. 





Fig. 101.— Etbball q? a i 
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Fig. 100. — HOWIOBTAL 

Hoe^. 'p. (Koliilter.) 

D, optic at&lk ; h', remajna nf the cavit; of the 
primar; optic vesicle ; p, proximal lamella of the 
optic cup (pigmenluiQ nigruia) ; r, dietal lamelh) 
(retinal ; I, lens invagination, widely D]>en at o/ ; 
t, papiilar eUcation in the bottom of the letia 

J', a blood-vessel nt the anterior boriier of tlie optic 

cup ; t, cutaueous epiblost. caviij. 

The hollow optic stalks are at first freely in communication with the thalam- 
encephalon, or third ventricle. Nerve-fibres grow along tiieir walls, from neuroblasta 
which develop in the retinal epiblast, and pass towards the nerve-centre (His), and 
the cavities of the stalks become thereby gradually obliterated, the radially striated 
epithelial-like arrangement of tlie wall being, however, long evident. A new con- 
nection becomes subsequently established between the posterior part of the optic 
stalks (optic tracts) and the mesencephalon, whilst the middle parts become nnit«d 
with one another to form the chiasma. 
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The development of the ratina from the inner layer of the optic cnp, has not 
been fully worked ont. Iq its earlier stages it closely resembles in structure the 
wall of the cerebral vesicles, consisting of elongated epithelium -like cells, apparently 
arranged in several interlocking layers. Of these cells some become developed into 
nerve-fibres and nerve-cells {inner grannies and ganglionic layer), others into snsten- 
tacnlar tissne, similar to the neuroglia of the central nervous system (molecular 
Inyers, Miillerisn fibres), whilst the outermost layer forms the sense -epithelium (W. 
Miiller), or layer of outer granules, which is sharply marked off against the 
layer of hex^onal pigment cells by the membrana limitans externa, as is the nerve- 
fibre layer from the vitreons humour by the membrana limitans interna. For a long 
time there is no trace of the rods and cones. These begin to appear some little time 
before birth in man and most animals, but in animals which are bora blind, such as 
kittens, not until after birth (M. Schnltze), in the shape of small protuberances of 
the Rense-epithehnm cells growing beyond the limitans externa, and forming at first 
the inner segments of the rods and cone;, and subsequently the outer segments also. 
The latter as they are developed become imbedded in the inner surface of the 
hexagonal pigment cells, which have become developed from the outer layer of the 
optic cup. 

The anterior third of the optic cup does not nndergo the changes above 





e, epitbeliom of cornea f lens inie nepollast gioBing id to fr>n 
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the aiteria centralis reliniE. 

described. Its two layers become here developed into the com para tively simple pars 
ciliaris retinte, and in front of the ciliary region they extend forwards and inwards 
in front of the lens and in close contact with the back of the iris, where they form 
the thickly pigmented epithelium, which is known as the uvea and terminates at the 
margin of the pupil. 

Farther d«v«lopmeiit of tlia lena. — The hollow epiblaetic vesicle ftom 
which the lens develops is composed of a thick posterior and a thin anterior layer 
which pass into one another at the equator of the lens, and enclose a clear fluid. 
In mammals, the vesicle when first formed also contains a small mass of epithelium 
ocUa which have become separated off &om the posterior wall (fig. 100), but these 
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afterwards disappear. The thin anterior layer remains thronghont life as a simple 
layer of cnbical cells, and forms the so-K^alled lens-epithelium ; bnt the cells of the 
posterior layer grow forwards into the cavity of the lens-vesicle as the lens-fibres : 
those in the middle being the longest and straight, while the rest are slightly curved 
with their concavity towards the equator, and become gradually shorter towards the 
circumference, where they pass through gradually shortening columnar cells (transi- 
Hondl zone) into continuity with the anterior epithelium. By the growth of these 
fibres the cavity of the lens- vesicle becomes obliterated. 

In this manner the central part of the lens is formed, and it consists in the main 
of fibres which pass in an antero-posterior dii*ection. The remainder of the lens is 
jbrmed of fibres which are so disposed as to curve round its margin and over the ends of 
the first formed fibres ; they are, moreover, deposited in successive layers and in 
three (or more) separate sections, so that their ends abut against one another in front 
and behind along tri-radiate (or multi-radiate) lines, such as may be seen in the 
macerated lens. These later deposited fibres are all formed at the equator (at the 
transitional zone), where chiefly cell-multiplication takes place, and they grow hence 
meridionally backwards over the ends of the already developed antero-posteriorly dis- 
posed fibres of the central part of the lens. 

The oapsnle of the lens is early visible as a thin homc^eneous membrane, the 
origin of which is still undetermined. According to some observers (Lieberkiihn, 
Arnold, Lowe) it is derived from a thin layer of mesoblast, which passes in between 
the lens and the optic cup ; according to others (Kolliker, Eessler, Balfour), it 
appears before any mesoblast has passed in, and they therefore regard it as a 
cuticular deposit from the lens cells. In the human embryo, His figures mesoblast 
as existing from the first between the lens invagination and the optic cup (v. fig. 97). 

In oonnection with this qne^on it mnat be remembered that the Babetantia propria of the 
comea (see below), which is formed of connectiye tissue, and is therefore mesoblastio in 
Dature, also at first makes its appearance as a homogeneous deposit before any mesoblast ceUs 
have passed in behind the corneal epitheliom.^ Its chemical nature, and its continuitj at 
the equator with the suspensory ligament and hyaloid membrane, certainly point to the lens 
capsule as being a connective tissue, «.«. a mesoblastio structure. 

Although the festal lens like that of the adult is itself non-vascular, it is nevertheless 
externally freely supplied with blood-capillaries, which form a vascular tunic completely 
surrounding it outside the capsule. These capillaries are supplied by a branch of the arUria 
eentralu retina which passes forwards through the centre of the vitreous humour; in 
front) at the maigin of the pupil, they come into continuity with the vessels of the iris. The 
most anterior part of this vascular tunic forms a membrane which doses the aperture of the 
pupil in the middle periods of foetal life. In the human eye the whole tunic, together with 
the artery which supplies its vessels, becomes atrophied and is lost sight of before birth, but 
in some ^^-niTnala \ihe jmpUlary membrane remains apparent for a few days after birth. ' 

The vitreoiui humour appears to be formed from the mesoblastio tissue which 
has passed in between the lens and the inner layer of the optic cup by a gradual 
formation of a large quantity of ground-substance, whilst the cells of the tissue 
almost entirely disappear. The development of the hyaloid membrane has not been 
fully traced out, and the same may be said with regard to the zonule of Zinn. They 
are probably both formed by part of the same mesoblast as forms the vitreous humour 
(Lieberkiihn, Angelucci). 

The cameo-sclerotic coat, the choroid coat, and the iris are all derived from the 
mesoblast surrounding the optic cup. 

The corneal epithelium is a portion of the external epiblast, which originally 
rests against the front of the lens rudiment. The Bnbstantia propria oomeiB 
first appears in the chick as a thin homogeneous layer lying immediately within 

1 Kessler, however, looks upon this homogeneous deposit as beiog slso a cuticular deposit formed by 
the epithelial cells. 
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this epithelinm. Into this homogeneons layer meEoblast cella pass from the margin, 

greatly thickening it and producing eventually the regular layers of fibrons tissue, 
vhich are characteristic of the cornea. No celis pass into the most anterior or 
mfj> the most posterior Btratum, which remain homogeneons ("anterior and poeterior 
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0, optic nerve ; p, heiagooiJ pig- 
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homogeneous lamellte of Bow- 
man). The epithelium of the 
IK)Bteriorhomogeueon3 lamella, 
ot membrane of Descemet, ia 
derived from mesoblast cells 
which grow in like the cor- 
neal corpuscles from the mar- 
gin and spread themBelvee 
over the posterior surface of 
the cornea, thus separating 
this from the iris and anterior 
surface of the lens. For a 
long while, however, there is no anterior chamber ; this eventually appeai-s as a 
cleft-like space between the cornea and the structures immediately behind ib. 

In mammals, all the above stages of formation have not been described. A 
complet* layer of mesoblast is early visible lying between the corneal epiblast and 
the letis epiblast, and continuous around the mai^n of the lens with the mesoblan 
of the vitreous chamber. In this mesoblast a cleft makes its appearance, sepu^tii^ 
it into two parts, one of which adheres to the corneal epiblast, where it forms the 
substance of the cornea, the other to the lens capsule forming the pupillary membrane. 
This clelt is the rudiment of the anterior chamber. It does not become actually 
distended with fluid until a short time before birth (Kulliker). 

The Kclerotic is formed entirely from mesoblast around the optic cup, probably 
continnoua with that which forms the cornea, although it is only later that the 
cornea and sclerotic come to be completely amalgamated. 

The citoroid coat is formed from the mesoblast which is immediately in contact 
with the outer layer of the optic cup, and the forward growth of the middle tunic 
closely follows that of the margia of the cup. The latter ceases at first at the 
margin of the lens, but subsequently grows forwards over the front of the lens as a 
thin double layer, which is closely covered externally with a continuation of the 
choroidal mesoblast. This is the iria, over the back of which both the layers of the 
cnp-mai^in eventually acquire pigment and remain permanently as the uvea. The 
ciliary body is formed by a kind of hypertrophy of the optic cup, which developes 
radial folds, enclosing thin portions of mesoblastic choroidal tissue, in which, as in 
the rest of the choroid, numerous blood-vessels and branched pigment-cells become 
fonued. 
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AcoesBory stmctnxeB. — The oyelids make their appearanoe gradoally as folds 
of integmnent, subsequently to the formation of the eyeball (fig. 108). About the 
third month of fcetal life the two f olds^ one forming the upper and the other the 
lower lid, meet and unite by a growth together of the epithelium at the margins of 
the folds, so as to cut off the conjunctival sac from the exterior. A short time 
before birth they again become disunited. 

A third fold (of the conjunctiva) appears at the inner canthus, and in many 
vertebrates deveiopes into a well-marked third eyelid, the membrana niciitans. In 
man it remains rudimentary, forming the plica semilunaris. 

The glands, hairs, and other structures belonging to the eyelids, are deve* 
loped in the same way as the oorresponding structures in the rest of the 
integument. 

The lachrymal gland is developed in the third month as a number of out- 
growths from the deeper layer of the epithelium, at the upper and outer part of the 
conjunctival sac. The outgrowths are at first solid, and branch into the surrounding 
connective tissue as with other racemose glands, subsequently becoming hollowed 
out and differentiated into ducts and acini. 

The lachrymal canals and ducts -are usually described as being directly 
developed by the enclosure of the fissure which separates the lateral nasal process 
from the maxillary process (see Development of Nose, p. 95, and figs. Ill, 112), 
and which passes in the early embryo from the eye to the upper part of the naso- 
buccal cavity (lachrymal fissure). But it has been shown, chiefiy by the researches 
of Born, that in most animals the canal is at first formed as a thickening of the 
rete mucosum of the epidermis, which sinks into the corium along the line of that 
fissure. The thickening subsequently becomes separated from the rest of the 
epidermis, and hollowed out to form an epithelial tube, which leads from the 
conjunctiva into the nasal cavity. 

The bifnroation of the dnot where it opens on the eonjnnctiya is prodnoed, aoooiding to 
Ewetskj, by a broadening^ oat of the epithelial oord at the inner canthns, and its sabseqnent 
Bepamtion into two parts by an ingrowth of connectiye tissue in its middle, the two parts 
dereloping into the upper and lower lachrymal canals. 
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The essential part of the ear, viz., the epithelial lining of the labyrinth, is 
developed in much the same way as the ciystalline lens, as an invagination of the 
external epiblast, which at first appears as a pit of thickened epithelium (auditanj 
pit; fig. 104, A.), but is gradually converted by a growing together of the margins of 
the pit into a hollow island of epiblast, the auditory or otic vesicle (fig. 104, B). 
This process occurs somewhat after the formation of the eye is laid, and at quite a 
different part of the head, viz., on either side of the hind-brain just over the upper 
end of the first post-oral visceral olefin. The vesicle comes at first into close contact 
with the hind-brain, except where the ganglionic rudiment of the auditory nerve 
projects between them, but it subsequently becomes entirely surrounded by meso- 
blast, which separates it from both the neural and external epiblast. 

The hind-brain does not send out a hollow process towards the otic vesicle 
coitesponding to the optic processes of the fore-brain, but the auditory nerve 
deveiopes from a solid outgrowth of the neural crest in the same way as the 
posterior roots of the spinal nerves and parts of many other of the cranial nerves 
(see p. 78). 

The otic vesicle is at fii'st fiask-shaped, with the somewhat elongated mouth of 
the flask directed externally towards the original point of connection with the 
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exterior. In elitBmobrancb fishes this connecdon is nerer cloeed, bnt remains 
throi^liont life in the fonn of a email dnct-lilie tube which passes up through the 
cranial wall and opens on the epidermis. In other vertebrates the connection with 
the exterior becomes cloeed — in the chick dnring the third day — and what remains 
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a.l, aectioD of bind brain ; g.r, gnnglioi) Testiboli in 
contact with the upper part of the labyrinth ; i/.c, giuiglion 
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GorrestHmding parts of the anditory nerve which have grown 
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of the original month, or canal of connection 
with the exterior, is Tisihle as a distinct but 
small process from the upper and inner angle 
of the vesicle, and is known as the recess t^ 
the lahjrintk (fig. 104 c, T.l). Eventnally it 
developes into a long epithelial tube, which 
passes through the petrous bone, with an expanded end lying within the skull 
nndemeath the dura mater. This tube and its expanded termination form respec- 
tively the mdolymphatic canal and saccule (fig. lOG). 

In the meantime the auditory vesicle becomes elongated and begins to be 
irr^nlar. Its ventral end projects as a distinct hollow process, at first straight, 
but soon becomins cnrved ; this is the mdiment of the epithelial canal of tht cochUc 
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Other hollow projectiona appear near the dorsal end of the vesicle ; these form 
the two superior semicircalar canals ; t^e horizontal canal appears a little later. 

Tbe mode of formation of the canala 4s eomewhat peculiar. The; first appear as flattened 
•emidicalar hollow protmsionB of the wail of the Tesiole. Their sides then come together 
•nd ooale«oe, eicqA ne*T the circnmference of the semicircle, which now forme a tube con- 
neoted at both ends with the veeicle. Subeeqnently a Beporation or breach of continiiitr 
ocenn orer the ixea of coalesoenoe, so that the rest of the tnbe is free. One of the ends 
beoomea dilated into an ampulla and connected with a branch of the auditor; nerve. 

Whilst these proceBses are occnrring at the dorsal and ventral ends of the now 
elongated vesicle, a fold, or constriction, of the wall is heginning to make its 
aj^arance about the middle, and thns the posterior part which is connected with the 
Hmicircular canals becomes gradually separated (as the utricle) ii-om the anterior 
pait, which forma the saccale, and is connected with the cochlea. This fold extends 
into the beginning of the lecees of the labjrintb, and separates it longitodinall; fcr a 




Fig. lOS.— BTioiB 



(W. His, Jan.) 



A. Left labjnDth d£ a fauman embryo of about foar weekg, Tiewed from the onter aide. . r, veatibn- 
tar part ; e, cochlear part ; r.^, rccFSBUB labyriDCbJ (aquieductua veatibulE). 

B. Left labjrinth witli ptuia of the facial and auditor; ocrres of a human enibr7o of about 4} 
vecki. b.h, surface of the hind brain ; u, utricular ; i, Baccular part of labjrintb ; a.t.c, p.l.c, 
1,1 c, rudimeutsr; folda representing the two Tertical and the horizontal semicircular canals ; r.t, upper 
part of recesaus labjrtntbj becoming enlarged into the eudolyuphatic saccule ; c.e, radiiDont of cochlea : 
n.v, vestibular branch of auditory nerre ; g.v, vestibular ganglion (ganglion of Scarfs) ; ff.c, ccchlear 
gandion ; n./, facial nerve, with geniculate ganglion, g.g. 

C. Left labyrinth of a human embryo of aboat five weekii, vien ed from without and below. Letter- 
ing as before. Tbe horizontal canal is still onlya fold. The ampaUai an beginning to be viuble on the 
two vertical canals. 



shori; distance into two tnbes, one of which opens into the utricle, and the other 
into the saccule, forming the only permanent means of commnnication between 
their contents. Another fold, or constriction, appears presently, somewhat lower 
down, and converts the connection between the saccule and the cochlea rudiment 
into the narrow duct of Hensen {canalis re-imtms). 

In the meantime the cochlea-rudiment at the ventral end of the now labyrinthic 
vesicle, becomes elongated into a tube, which, as it grows, becomes coiled upon 
itself in such a manner as to produce the spiral etructnre of this pert of the auditory 
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Fig. 107. 




-TauisrEBSi 



r 0BU4DB BBCTIOH Ot 
BSQIOH or THB BUD BiUiK. (Prom Poster sod B&lfout- ittn Bo«ttch«r.) 
HB, innei Bnrface of th« thickflned vtiU ot the biod brain ; BB, recesa uf the veitibule ; TB, 
commeDcing vertical semicircular canal ; CC, canal of the cochlea ; QC, cochlear gatiglion of tbi right 
side 1 on tlie left side. Q', the gaDglion, and N, tho auditor; nerve connected with the bind bnin. 




p* 



— Tbanstuhsi s 



BV, recessua restibuli ; YB, iertic«l 
aemicircular caiud ; CC. cochlear 
canal ; <i, cochlear ganglion ; SB, 
horizontal canaL 

organ. This coiling, however, 
only occurs in mammals ; in 
birds, the cochlea is a short 
straight blind tube. 

All these paru of the laby- 
rinth are, when first formedt 
simple epithelial tubes sur- 
rounded by and imbedded in 
embryonic connectire tissue. 
Ab development proceeds, and 
the ekull begins to form, a 
cartila^tuous capsule becomes 
developed around the several 
parts of the labyrinth, and 
thisat length becomes ossified. 
The cartilaginous capsule does 
not closely invest the epithelial fltrnctnres ; they are immediately surrounded by 
embryonic connective tissue, which forms an inteiiial periosteal lining to the capsnle 
and a special covering to the epithelial tube. These two connective tissue membranes 
are everywhere separated from one another by gelatinous connective tissue, composed 
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of Bemi-fluicl ^oDnd substance and branching corpuscles, except along one border, 
where they are in continuity. But in the cochlea the gelatinous tissue is above and 
below the epithelial tube, the place of the modiolus being occupied by embryonic 
tissue which is not gelatinous, and is connected with that lining the capsule by 
similar non-gelatinou^ tissue separating the turns of the cochlea from one another, 
and also running in the position of the future spiral lamina. 

The bone, whioh is formed by ossification of the oartiLaginoas capsule, is of a spongy 
Dfttaro, bat it becomes coated internally by layers of compact bone deposited by the periosteal 
lining. The modiolus and septa of the cochlea, as weU as the osseous spiral laminA^ are 
formed wholly in connectiye tissue without any preformation in cartilage. 

The perilymphatic spaces throughout the whole labyrinth are produced by a 
gradual vacuolation and disappearance of the gelatinous tissue which surrounds the 
membranous labyrinth. In the cochlea this conversion into perilymph begins in the 
proximal turn of the spiral and extends hence towards the distal end. It is only 
with the development of these perilymph-spaces (scalse) that the cochlear tube, 
which was previously oval in section, acquires the characteristic triangular section 
which we see in the fuUy-formed organ. 

The auditory nerve is large and early becomes separated into its two main divisions, vesti- 
bular and cochlear. Each division has a large ganglion upon it (fig. 105), which extends 
to the anterior wall of the epithelial vesicle, and as the ventral end of the vesicle elongates 
and assumes the spiral disposition, the cochlear nerve and ganglion extend along with it and 
take the same coiled or spiral form. 

The cells which form the waU of the epithelial tube become variously modified in different 
parts of the labyrinth to produce the characteristic structures which there occur, viz. : the 
hair-cells, the rods of Gorti, the sustentacular oeUs of Deiters and the epithelium lining the 
labyrinth. The membrana tectoria appears as a cuticular deposit over the columnar cells 
which aie becoming developed into the organ of Gorti. 



A00X8S0RT PARTS OF THB OBaAN OF HXARINa. JDZTSBNAZi ANB MXDDIiX JDAB. 

While the epithelium of the internal ear is formed by an involution of cutaneous 
epiblast in the manner whioh has just been explained, the middle ear with the 
Eustachian tube, and the external auditory meatus with the pinna are formed from 
the remains of the first visceral cleft, and from the parts of the mandibular and 
byoidean arches which immediately bound the cleft. This clefb at an early period 
forms an almost complete communication between the pharynx and the exterior,^ but 
the broad cleft becomes gradually converted into a flattened tube, and this is presently 
found to be closed, both by the epiblast and hypoblast, which are from the first 
in contact at the bottom of the cleft, and also by an ingrowth of mesoblast, the 
rudiment of the membrana tympani being thus formed. There is at first no enlarge- 
ment of the flattened tube to represent the tympanic cavity, and the ossicles are 
developed not within, but altogether outside the tube, in a mass of gelatinous con- 
nective tissue, whioh is continuous with that forming the embryonic membrana 
tympani ; they are formed for the most part by ossification of parts of the carti- 
laginous bars, which extend from the otic capsule into the mandibular and hyoidean 
visceral arches (see Development of Skeleton). As the tympanic cavity becomes 
formed by a gradual enlargement of the blind end of the closed hyomandibular deft, 
the gelatinous tissue retires before it, and as this tissue disappears, the ossicles and 
the chorda tympani which were previously entirely enveloped by it, are left projecting 
into the tympanic cavity, covered only by thin mucous membrane. The process of 
formation of that cavity is not, in fact, completed until after birth, when air becomes 
admitted into it through the Eustachian tube. 

^ Vide footnote on p. 102. 
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The embiyonic tympanic membniDe is at first close to the exterior, the external 
meatoB beiag scarcely existent, although the several parts of the external ear are very 





Fig. 109.— Sketchss 

magnified. 




(HiB.) VariDuil; 



F h aa outline sketch BhoirinB the ceversl puts of a TsIl-deTeloped adult ear, Ird Datural bim. 

1, % prominences on the manclibuliLr arch ; 3, promineaca between the tvo arches, iDimcdiatelj 
over the cleft, prolonged poBlariorly into e, behind the hyoidean arch ; 4, 5, and 8, prominences on the 
hjoidoan ati;h ; L, in B, otic vesicle (seen also in A) ; K. lower jaw. 

Of the proioinencea enumerated 1 fortns the ttagua ; 2, S, ajid 3t, the helix ; 4> the intihalix ; 
C, the antilragns ; and G, the lobule (vidt F). 
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early distingaishable as slight protuberances upon the margins of the shallow cleft- 
like depression which is all that represents the meatna at this stage (tig. 110, a). But 
as the body wall becomes thicker, the cleft becomes deepened and more tabular, and 
the protuberances upon the mandibular and hyoidean arches become gradually so 
transfonned and arranged around the external orifice as to be recognizable as the 
several parts of the future pinna. The transformationB may readily be understood 
from the study of the accompaayiag series of sketches from His, which show these 
parts in gradually advancing stages in the human embryo (fig. 109). 

DEVELOFMENT OF THE ITOBE. 
The olfactory organ arises in all vertebrates at an early period of embryonic life 
as a depression of external epiblast {olfactory pit) on either side of the fore-braic. 
The epiblast in this region becomes thickened, forming an olfactorij area, and a de- 





(His.) Fig. lll,~Hi 



of/*,' olfactory depreieioD passing pogteriDrl; 
into ■ deep pit, the rudiment of Jacobeon's 
oigan ; mi, maullu; process ; mn, mandibular 
■nh ; hg, hjoideaa arch ; &r*, bfi, first and 
■ecoad branchial arcbes. 

.pression then forms in this area surrounded by a raised margin (figs. 96, 97, olf)> 
The depression soon appears pyriform, the smaller end extending as a groove towards 
the stomod<Bum or buccal invi^ination (see fig. 110, olf) ; near this end a special 
pit is early visible, and becomes developed into Jacobson's oi^n. 

The thickened boundiiries of each olfactory pit and groove are formed by the so- 
called mesial and lateral nasal processes (figs. 111. 112). The mesial nasal processea 
are united at their base by a depressed median part of the fronto-nasal process, but 
are at first separated below, where they terminate in distinct tubercles, termed by 
His the fflobular processes. As development proceeds they extend backwards along 
the roof of the embryonic mouth, forming the nasal Jaminx. Eventually the 
globular processes coalesce in the middle line to form the intermaxillary process and 
the middle part of the lip, while from the depressed surface between them the 
lower part of the nasal septum and the pliiltrum are formed, and by a coalescence of 
the nasal laminas the rest of the nasal septum is produced. In rodents a notch leads 
&om the nasal septum through the upper lip to the mouth, and represents an im- 
perfect union of the globular processes. 

Above the depressed surface just referred to, is a triangular part of the fronto- 
nasal process which forms an angle with it. This angle eventually becomes the 
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A, from aboTe ; 
proceu and jnst abo 
nasal procesH ; " 



palatirw projectioaa of the maiUlary 



LOQth aftrr remoral of lower jaw ; i. m, placeil on ttio froDto-iuaal 
lediate depressed part ; l.n.pr. lateral nasal process ; m.n.pr, meiitU 
before. The nasal laminEe of the globular processes and the 





r BITEH Pig, 114. — HllD or AH EHBHTO HOHIlDTiniTID 



The eitamal nasal pi-DCCSBra have uniUd with tbe 
marillary and globuUr processes to shut off the 
0lfa(sloi7 pit from the orifice of the mouth. 



point of the nose, and the triang^nlar anrface above it the bridge ; the alie nasi are 
formed bj tbe lateral naaal processes. These processes are less prominent tban the 
mesial (fig. 1 1 2). They cnrve roond the olfaotoij depressions, and meet the maxillaiy 
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processes ; between the two processes (lateral nasal and maxillary) the lachrymal 
groove passes from the eye to the nose (figs. Ill, 112). The maxillary processes 
also abut ix\ front against the outwardly cnrnng ends of the processus globulares, 
which together form as just mentioned, an intermaxillary process, and the three 
eventually coalesce to form the upper boundary of the mouth, which is thus shut 
oflf from the anterior orifice of the nasal fossae (fig. 113). But further back the 




Fig. 115. — OuTLiirB o» a tkawsverse vertical sbction throuoh the kosk and upper jaws of a 

sheep's embryo with open palate. (From Kblliker.) 

The lower jaw and tongue are removed ; m, the month ; d, dental germs ; p, the palate plates 
approaching each other in the middle ; /, the nasal fossee ; c, misal cartllago ; 9, septal cartilage ; j, the 
two oi^ns of Jacohson with their cartilages internally. 

olfactory depressions, which are now developed into cleft-like cavities, and are in- 
creasing in complexity by the development of the projections which are to form the 
turbinate bones, are still freely in conmiunication with the buccal cavity, and it is 
only by the growth of the palatine processes of the maxillae (fig. 115,^) and their 
coalescence in the middle line with one another, and with the lower part of the nasal 
sept am, that the nasal cavities are cut off from rtie mouth and from one another, 
and now only open posteriorly into the upper part of the pharynx by the posterior 
nares {ch4)an(^). 

The median or septal part of the external nose, with its columella below, is 
formed, as above stated, of the coalesced mesial nasal processes, the ate nasi being 
developed from the lateral nasal processes. The septum is at first broad and de- 
pressed, so that the nostrils are widely separated from one another (fig. 114), a con- 
dition which remains to a certain extent permanent amongst some of the dark races 
of mankind. 

From the above description it will be seen that the o Jactory organs aze at firsb altogether 
distinct from the mouth, that they subsequently pass backwards, as g'rooves, deepening into 
distinct clefts, along the roof of the mouth and forming in fact the upper part of the embryonic 
buccal cavity, and that finally they are again gradually separated from that cavity by the 
growth of a horizontal septum to form at first the hard and afterwards the soft palate. 

The median union of the palate begins in front about the eighth week and reaches the 
back pare and is completed about the tenth week. Imperfect coalescence of these parts pro- 
duces the malformations of hare-lip and cleft palate in their various degrees. Usually, how- 
ever, in man the coalescence is completed at a comparatively early period of foetal life, 
although a vestige of the original separation may be found in front at the junction of the 
maxillary processes with the coalesced globular processes (intermaxillary), as the naso-palatine 
canal or incisor foramen, which is occupied by connective tissue, blood-vessels, and a branch 
of the fifth nerve. In many mammals, however, an actual communication remains through- 
out life between the nostrils and mouth in this situation. 

The organ of Jacobson is early visible on either side of the nasal septum at its lower part 
in the form of a narrow tube, oval in section, running horizontally in the substance of the 
septum and opening anteriorly near the upper orifice of the naso-palatine canal. When the 
cartilage of the septum becomes formed, a special curved plate of cartilage is seen partially 
enclosing this organ ; but both the organ itself and the cartilage are less conspicuous in man 
than in most mammals. According to Gegenbaur the rudiment which has been described in 
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the human embrjo as the organ of Jacobson is not really that straotare, bnt represents a 
special gland which ooonrs in some lemnrs in the lower part of the nasal septnm. 

The epiblast of the olfactory area early becomes thickened, and resembles in stmctnre the 
nenral epiblast (His). As in the latter, some of the oells (neuroblasts) become pyrif orm and 
nerve-fibre processes grow out from them, whilst the remainder form long sustentaoular 
columns, which partially anastomose to form a spongework. The neuroblasts subsequently 
pass out towards the olfactory lobd as already described (p. 81). 

All the complexities of the nasal f osssb (and they are far more complex and labyrinthic in 
many animals than in man) are produced by folds and outgrowths of the original simple 
depressions, and the thickened epithelium of these depressions extends over all parts of the 
cavities which are thus formed. But it is only in the upper part of the nasal foesas that the 
connexion by nerve-fibres with the olfactory lobe becomes established, and it is in this part 
only that the true sense-epithelium becomes developed. In the lower, or respiratory part 
of the f 0888B the epithelium remains relatively thin and becomes dliated. 
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DmrEXiOFUEirF of the AUXXOTEART OAITAIk 

The early development of the primitive alimentary canal has already been briefly 
described in treating of the first formation of the embryo (pp. S4, 3d), and it n'as there 
explained how the dipping downwordB and inwards of the blastodermic layers on 
either side of the embryo tends to separate or pinch off the part of the blastodennic 
vesiole which is immediately nnderneath the body of the embryo as a distinct tnbe 
(mid-gut) from the remainder of the vesicle, which is now known as the yolk-sac, while 
at the same time similar changes occnrring in front and behind -produce the blind 
anterior and posterior extremities of the tnbe which are known as the fore- and hind- 
gnt respectively. Althongh the dowofolding in question eventually involves all the 
layers of the embryonic blastodenn, the epiblast and the part of the mesoblast which 
adheres to it, and together with it forms the splanchnoplenre, do not participate in 
the process until after the formation of the amnion, so that the alimentary canal for 
some time after its formation is enclosed only by the hypoblast and ita adherent 
mesoblast (splanchnoplenre), and projects freely into the wide coelom or space 
between the splanchnoplenre and somatoplenre. The mid-gat alao remains for a 
time in fne communication with the yolk sac, althongh the communication becomes 
gradually narrowed into the vitelline duct. As the somatoplenre afterwards growB 
down on either side of the alimentary canal, and becomes pinched in around the 
vitelline duct and etalk of the allantois, which are thns united into the umbilical 
cord, that part of the ocelom which is within the body and nronnd the alimentaij 
canal becomes shut off as the pleuroperitoneal cavity from the remainder, which lies 
altogether outside the body, and forms the cavity of the false amnion. 

Dorelopment of the month uid of ths paitt in oounaotioii with it. — 
The fore-gut terminate blindly at first underneath the bead in the region of the 

Pig. 110. — Frortal ttbw ot thb dpfih takt or a ruhah 

IHBBTO or IBOCT riFTSUf nATS, BICOnnEUCTID tItOH 
8IRUL 8I0TKIHS. (His.) f 

The pericordinm is opened to nba/ir the heart ; between thii 
aui the fore-brtun is leen the primitjvi) buccal eavitj. A de- 
scription of thii figure ii given on p. 1 3S. 

hind-brain, and the notochord, with the fore- and 
mid-brain, carve downwards over the blind extre- 
mity, the fore-brain thns causing a rounded pro- 
minence in iront of and ventral Co the extremity of 
the alimentary tube (see fig. 45). With the develop- 
ment of the heart another prominence becomes 
formed on the ventral side of the fore-gut, a little 
farther back. Between the two prominences, the 
one caosed by the projection of the fore-brain and 
the other of the heart, a wide, shallow pit is enclosed 
(fig. 116), at the bottom of which the epiblast 
which lines it is in contact with the hypoblast of the fore-gnt, and the two layem 
fuse to form an epithelial membrane, which now forms a septum between the 
primitive buccal epiblaatic involntion or stomodtenm and the fore-gut (fig. 117, 
p.v.). This stage is met witli in the human embryo before the twdftb day(His), 
in the rabbit embiyo at about the ninth day (Mihalkovics), and in the chick on the 
fourth day. 
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The Btomodsenm deepens at its upper and anterior part, where it forma a 
pocket-hke protrusion, which gron-s a certain diBtance into the angle formed hy the 
sharp bend which the hinder part of the fore-brain now makes with the mid-braio. 




Rg. 117.— Pbohlh 

Fig. 118.— SiHILlH 



R IUBBTO. (Hia.) 



1, 2, 3, 4, 5. are opposite the rexpectiTe secondorj cerebral resides ; from the side of the fore-bnuB 
the pnnuu7 optic veaicte is eeeo projecting ; of. otic vesicle ; p.r., septum tiet*Nn mouth and phaijoT 
(primitiTe Teliim) : I, comnieucing liver in septum trunaver^um ; v, vitelline stalli ; all. ollantoii enclosed 
triihiu allantoic stalk : j v., jugular vein ; c.t:, cardinal vein ; i.r., sinus venosus within septum tnna- 
Teraum ; u.a., umhilicsl (allantoic) arter; ; l.a.v., left umbilical rein. The aharp curve of the trunk of 
the emloyo towards the yolk-sac is normal at this stage. 

In fig. 117 the otJc vesicle is still open, and there are only two aortic arches ; in fig. 116 the otic 
vesicle is closed ; there are now five aortic arches. The primitive velum has disippwued. 



This pocket (Rathke) is the hi/pophysis (trehri, or pitnitary involution of the buccal 
epiblast, and conies presently into connection with the infundibular protrusion of the 
neural epiblast, the two tt^ethcr forming the pituitary body (ace p. 68). It Uea 
joBt above and in front of the pharyngeal septom. 

The remains of this xeptnni (when it hm become broken tbrongh to Kllow of a commonica- 
tion between Btomodaiani and fore-irut). have been termed the primitire rWnwi.bnt the septum 
has nothing whatever to do with the formation of the permanent velum palati, or with the 
ilthmns of the fances. The plane of the septum forms in fact an ang'le with the plane of the 
future isthmos faacinm. so that the primitive month or atomodienm does not \tj any iae«ni 
ooinepond with the permanent mouth. In fact the floor of the mouth, inclnding the tongnie, 
is developed hehind the septum, and therefore in connection with the fore-gut rather than witJi 
the itomodieum, whereas the uppermo»<t part of the pbaiTnx, including the choans, is iit front 
of lite septum, and therefore belongs to the stoinodaiunL 
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The shallow and widdy open BtomodKum soon deepens and is now seen 
to be specially bounded by certain prominences placed above, below, and at the 
sides, within and from which the several parts of the face are eventually pro- 
duced {figs. Ill, 119). These prominences are the fronlo-nasal which projects 
over the stomodtenm, and ia formed primarily by the prominence of the fore- 
brain, bnt afterwards acquires a considerable thickening of mesoblast, which ex- 
tends into it from the basis cranii ; the mandibular or Jkst visceral arch, which 

Fig. 119.— Profili tiiw or a bdman MBBtu ur 



fnx, nuucilUu? process ; mn, nuuidibuUr arch ; 
</. C, dact of Cuvier ; jv, jugnlor vein ; c.r, cardiiwl 
'Vein ; t.v, vildline vein ; u.v, amhilicol lein ; u.o, 
umbilical arterj ; aU, sllantoiB ; pi, plucental attach- 
nient of allantuic Btulk ; Uf, olfactory depresaioD ; 

aftei^ passing obliqnely round the fore- 
gnt, takes a horizontal direction on its 
Tentral side, and meets its fellow in the 
middle line, the two together farming the 
Tentral boundary of the stomodffiiun ; and 
the vwuiUary procMS, which grows from 
the base of the mandibular arch, and 
projects on either side of the stomodtenm, 
filling up the gap between the fronto- 
nasal pixicess and the mandibular arch, 
and forming the lateral boundary. 

The aepaiBtion of the stomodteam into an 
upper or olfactory and reitpinitorr part and a 
lower pentmnent buccal cavity, together with 
the changes which occur in the fronto-naeol 
and maxUlarj procenses to produce the result, has 
alreadj been referred to in deacribing the de- 
velopment of the nose (pp. 95 to 97). 

FhiUTiix. — The remainder of the ali* 
mentary canal below the mouth is nearly 
simple, at first consisting, as before men- 
tioned, of a tabular portion in front — the 
fore-gut ; a shorter tubular portion behind 
— the hind-gut ; and a middle part which 
is freely open to the yolk (fig, 117), 

The hind-gut remains simple throughout, except that the allantois grows out 
from its ventral aspect.' But in front a differentiation soon makes its appear- 
ance, the cephalic part becoming enlarged to foim the pharyni:, while almost 
immediately behind this another enlargement forms the stomach. The hypoblast 
lining the cavity of the pharyni grows out on either aiiJe anccessively at tonr distinct 
levels, and to a less extent the epiblast dips in opposite the hypoblastic otitgrowths. 
In this way eventually four deep clefts between the i)harynx and the exterior become 
formed ; these are known as the cephalic visceral clefts (figs. 110, 119, in external 

' In the honuui embryo the allantois appeara to be fonneil by a direct contiDDatioD of Uie lateral 
f<dili, which haTa united to form die main aliineulary tube, while the part uf tbc tube behind tb* 
allaidoii (buna) appean >9 -i UinJ protnuian (Hia). 
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appearance ; figB. 117, 118, seen from within).' Between them, and also in front of 
the first cleft, the pharyngeal wall is greatly thickened bo us to exhibit the appear- 
ance of cnrved bars bounding the clefts ; these bars arc kaown as the cephalic 
vmeral arches, and are ^ve in number, viz. : the first or Trtandibular, in front of the 
first visceral cleft, between it and the mouth : this is the seat of formation of the 
lower jaw ; the second or hyoid arch, between the first and second clefts ; the ik^d 
or tAyro-hijoid arch, between the second and third clefU, which in fishes and 
amphibia develops gill-plates, and is therefore also known as the first branchial 
arch ; the /curfA between the third and fourth clefts, corresponding with the second 
branchial arch of fishes, but Bmali and incooBpicnous in man and mammals ; and the 
fijlh or second branchial still smaller and more inconspicuous, forming the posterior 
boandaij of the fourth cleft, and hardly recc^izable as a distinct bar in man. 
After the fourth week, and with the increasing fiexure of the head, the arches become 
somewhat shifted over one another, bo that the fourth aixih is concealed by the third, 
and the third by the second. 

The mandibuUi arohee earl; become nuited on Qte Tentral aspect ; from the fifth -week 
their tmion is complete (Bg. Ill, iH»)aiid in man shows eventiiall; no sign of a median groove. 
The other arches do not at firat reach the middle line (Hia), the space between their centisl 
ends being occupied by the heart and peiioudiom ; as the«e shift baokwaida a imooth infra* 
numdibalttr eurfoce is left extemailj'. 

IteTslopiaeiit of the tonffne. — Within the pharynx, the second and third 
arches of the two sides are separated by a forked elevation (Jwcula) with a median 

SHDTN IK FIOB. 116, 117, AS BIIK VBOH ml INTSBIOK Ot IHI 
PHAMMX. (Hi*.) f 

The fint or maodibular pair of arches join in the middle line ; the 
second arches are separated b; a ronnded promiaeDce (tuberculam 
impar). Behind (below) this is the forked prominenee {fnrcala) 
bounding a median grooie which Till twcome the luTngeal orifice. In 
the sections of each of the first tvo arches, Uie indnded artery u seen. 
The Soman nuinerals are opposite the corresponding arches. 

groove, in front of which is a rounded tubercle {t. impar, 
His), which arises in the angular space between the 
first and aecoud arches (fig. 120). The groove around 
the furcola {siniis arctmtus, His) passes laterally into 
the visceral clefts. The second and third arches afterwards unite between the 
fnrcula and tnbercninm impar (fig. 121, A). Thus united, the j'nnction forms an 
X-Bhape{l mass. 

From these conjoined extremities of the second and third arches on either side, the 
root of the tongue grows npwards and forwards as two prominences, which diverge 
in a V'shaped manner to embrace the anterior or papillary part of the organ which 
is developed from the tnberculum impar (fig. 121, B). At the angle of the V '8 a 
deep depression (foramen carcum) ; this leads into a diverticulum, which forms the 
median rudiment of the thyroid body. When the parta of the tongue are united, 
there is still for a considerable time a V^^haped groove marking the line of union 
(fig, 122), and even in the adult there is often a distinct trace of this groove {sukut 
lerminalis, His). Parallel to this, and somewhat in front of it, the papillte vallatse 
are developed, and in front of these the other lingual papillffl make their appear- 
ance (about the end of the second month). 

' AccordiDg to Hia, irho is conGrmed b; Bom and bjKbUiker, these clefla are not as a rule developed 
into complete apertnres in birds or mammids ; although the membranes which close them a 
onlj of jnxtapoied epi- and kfpoblast, the mesohlut haTing disappeared. 
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The fnrcnla gives rise to the epiglottis in front (above) the aiyepiglottic folds on 
either side, and the aiytenoid cartilages behind (below) ; the median groove in it leads 
to the entrance of the larynx. 

lAter&llj ttie 2nd arch passea into and forms the paLito-^cloBsal arch, and in the visceral 
cleft behind this the tonsil develops ; but the 3rd arch does not form the palaW-pharynpeaJ 
arch ; this ia developed from the palatine outgrowths of the maiillary prooesaes. 

The viHcerBl arches ware first described by Ratbke, in 1826. They are often dU- 
tinguished aa the port-buecal visoeral arches i certain parts in front of (abOTe) the month 




Tig. 121.— SiuLu V 



(His.) A, f, B- y 



T, tabercnlum impar. 




brin{; conridered by some morpholoKi^ta to represent prtr-bueaU arches. Tho visoenil clefbv 
lying between the arches are, as has been stated, fonr in number. The first Ja often known as 
the kginnandibtilar cleft : it is this one which is concerned with the formation of the 

Pig. 122.~&IHIUIt VIEW a i CONSIPBBABLT OLDBB 

Eustachian tube and middle eat as alreadv de- 
scribed, llic three remaining clefts, which repre- 
sent gill-slits of fishes and amphibia, appear, from 
the results of recent observationB, to be closed in 
amniotic vertebrat«s at all periods of f^Etol life 
(see not« on previous page). In some fishes the 
branchial arches and clefts are more nnmeroos 
than in other vert«brat«s, and in a few the hyoid 
arch also develops a gill. 

Thronirh each of the visceral arches an arterial 
arch derived from the aortio bulb passes from 
front to back reuniting dorsally in front of 

the notochord to form the aorta. In bmnchiate vertebrates, branches of these vessels are 
distributed to the gills. Cartilaginous bars pass, in most vertebrates, from the base of the 
sknll into each visceral arch, and ossificatioii -occurring in or around them, form definite parts 
of the skeleton as will be afterwards described. In man and mammals these cartilaginous 
baiB are only found in the first three visceral arches, unless the thyroid cartilage is to be 
regarded as representing the anterior (ventral) ends of the bar of the 4th arch (Callender). 
The fourth and fifth visceral arches may be considered as belonging to the neck rather 
than to the head, and the congenital fissures of the neck ■vhich sometimes occur as a oal- 
formation, and which usually open externally far down in the cervical region, have been 
regarded as due to persistence of one or more of the bronchial clefbi, shifted in position by the 
oervical elongatiim which takes place in hiter embryonic life. 

(EBophsffiu, vtonuch, and inteitmes. — Immediately behind the pharynx, the 
fore-gnt contracts again to form the oesophagua, which, in the early embryo, corres- 
ponding with the imperfect development of the neck, is very short (Ggs. 123, liH, A) 
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and gradually widens oul into the dilatation which repreeenta the stomach,' This 
organ, which ia at first nearly straight (fig. 125, A, Jf^), soon begins to show the con- 





y.LD«. (Ha.) f 
The alimeDtary duul U ahaded throogfaoat; U.K. 
Mctioa of niaodibulu nrcb ; R. T, hypophjBia ; behiod 
it the remaioi of llie pharfugciJ geptnm ; Lg, com- 
. mancibg lung, the future orifice of the laijiix being 
opposite K ; Mg, Btomach ; Lb, liver ; Nb, yolk stalk ; 
W, WolSon duct ; S, blind partion of hind gat ; 



vexity of the greater curvature on the side next 
the vertebral column, and the concavity of the 
lesser curvature on the opposit* border (fig. 
126, B, Mg), while the pyloric end becomes 
tilted away from the vertebral column, pro- 
ducing the duodenal loop (fig. 125, C, D). 
Finally the oi^an becomes turned over on 
what was previously ita right side, which now 
becomes the posterior surface, and the pyloric 
extremity being also tilted over, the duodenal 
loop is thus thrown over to the right side of the 
abdomen (fig. 12G}. The small intestine is also 
at first quit« short and straight, with a wide 
aperture to the yolk-sac (fig, 125, A, JVft), 
but gradually lengthens as the communication 
with the yolk-sac becomes more contracted, 
and (besides the loop formed by the tilting of 
the pylorus) develops a long V'^haped loop 
opposite the attachment of the vitelline dnct 
(fig. 125, CD. and fig, 127). 

The loop of biteetm« to which tlie vitelline dact 

is attached paesee, for a tiiue, into the nmbilioal 

in a protnuuon of the peritoneal cavity (fig. 12*). It 

t^ia situation until lat« in ftetal life. 

Fig. 124.-~8kitob or tHi hdhih ihbbto of thb 



1. (Allen ThomsDD.) 
The munion and tUIous chorion haTG been opened and 
tbe embiyo drawa aside fnua them ; r, uiubilii^ vesicle, 
connected with the coil of inleatiue, t, by a small, almost 
linear tube. The Ggore at the ude represente the first 
part of the nmbilical cord magaified ; >, coil of intes- 
tine ; t>i, litelline-inlestinal dact, alongside of which 

The meMntery is developed by a thinning 
out and extension of the meeoblastic tissue 
which lies between the intestine and the 
vertebral column. It forms a continuous membrane along the-^vhole length of the 
alimentary canal from the stomach to the rectum, idthongh the part attached to the 

' It bae been riiown (Balfour, Uenron) in most veltebiates — mam 
period <A development (he lumen of the csopfaagns bec«ncs foi a time t^ 
extmui^. 
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stomach is known as mesogastrium and the parts attached to the futnre colon and 
rectum are termed respectively mesocolon and mesorectum. The stomach begins to 
assume its characteriBtic shape while still lying with its longitudinal axis in the 



t ALlUEimBT cmiL, RITHM I 

H THAT SHOWK IN 110. 125, D. (HIb.) f 

Tbe pluii7nx and upper part of asophaeua, and terminatjon of the l&rge 
iiit«atiiie are not represented. Lettering as in fig. 125. 

medianplaneof thebody ; it is then seen that the mesogastriam 
passes to its greater carvatnre (fig. 127), which, therefore, ia 
that corresponding to the mesenteric border of the intestine. 
And as the pyloric extremity of the stomach and lesser curvar 
ture are tilted forwards and upwards, and at the same time 
the whole organ turns over on its right side, the mesogastrinm 
becomes proportionally lengthened to permit of this change of 
position, and the right surface of the stomach (now posterior) 
rests against the anterior surface of what was previously 
the right side of the mesogastrium, the mesogastrium thns 
coming to form the posterior boundary of the omental sac (fig. 
138). From near its attachment to the stomach a free fold 
subsequently grows over the intestines, and becomes the great 
omentum. 

The gastro-bepatic omentum is formed by the gradual thinning of a mass of 
mesoblastic tissue which from the first connects the ventral wall of the stomach with 
the anterior wall of the abdomen, and within which the hypoblastic outgrowth 





Fig. 127.— DiAoau or tbi . 

WEIKS. (Totdt.) 

It, stomach; g.c, greater cnmture [ i.e, Hmaller curvature; tnj, meaogastrium ; tpt, spleen; 
p, pBDcreja ; c.cocuni ; r, rectun. ; me, mesentery ; ao, aorta ; d, codiao axis ; s.oiet.a, t.ni«.a, gupo. 
rioi and inferior mesaDterie arteries. 

Pitt. 128.— D:iOBi« or a SSOTIOII ACBOSS the iBDOMBN Of A HnMiK BKBEfO Of TBB IHIBI. 
* llONIH. (Toldk) 

t, I, liTer ; t, kidneys ; g.o, great omentum ; -/.o', omental mc ; >.o. umall omentum. (The dotted 
linu hBB not been carried quite fat enough.) The other loiters as in fig. 127. 

which forms the liver becomes developed. The part of this mesoblastic connexion 
which lies between the liver and stomach becomes the gastro- hepatic or lesser 
omentum, and its free border which was at firet directed downwards (caudalwards) 
becomes with the descent of the stomach directed anteriorly (ventrally), and eventu- 
ally with the turning of that organ laterally it also is directed towards the right, and 
thus comes to form tbe anterior boundary of the entiance into the omental sac 
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The lai^e intestine is not at first marked off from the sniall by any difference in 
calibre. Ite cora men cement is diatinguifiliable about the sixth week in the hnman 
embryo by the appearance of the cEecum, which gradually grows out (figs. 125, D, and 
127), forming at first a lateral protnision of uniform calibre, but subecqnently re- 
maining narrow at iU blind extremity to form the vermiform appendix, while the 
remainder of the c83Gum and the colon increase in size. This protrusion occurs on 
the (J-ehaped loop above described, and a httle beyond the attachment of the 
vitelline dact. 

With the increasing length of the gut it becomes thrown into coils, and the 
earliest and most important of these is that by which the limb of the (J-shaped loop 




Fig. 129.— DiioKAiis 



(0. Hertnig.) 



A, earlier stage. 

B, later Btage. 

It, stomach ; i.o, email omentiini ; «'.o', omental sac ; o', mrsogutrium, apringing from the 
posterior wall of the abdomen, naa which in A it enclwea the pancreas ; o', attachment of mesogiatrinm 
to greater curvature of Blomsch ; d', fold of mesogaatriam or great omentum growing oier coils 
of unall intestine ; Bit, me^nter; ; tn.e, transverse mesocolon ; a' (in B), dotted line dioving the 
Bituation of that lamella of the memgastrium which at firat asilBted in encloBing the pancreas but 
which has now rlisappeared. The next part of this lamella has coalesced with the adjacent lamella of 
the ImnsTeTse mesocolon, and has also disappeared. The coalescence is indicated b; the black line. 

with which the large intestine is continuous turns over on to the right side of the 
peritoneal cavity, and thus throws the colon in an archlike disposition across the 
commencement of the small intestine, and paiallel with the longitudinal axis of the 
stomach (commencement shown in fig. 12G). Within this arch of the large intestine 
the coils of the jejunimi and ileum become disposed as the intestine lengthens. 
Their mesentery Hprcads out at its intestinal attachment so as to adapt itself to the 
increasing length of the gut, while its vertebral attachment, relatively much shorter, 
loses to a great extent its primitive disposition, and acquires oblique and transverse 
lines of attachment ; this is notably the case with the transverse mesocolon. 

Although the mesentery in most parts increasea in length and expansion with the further 
growth of the intestine, the contraiy is the case with the mesentery of the dnodennm, and of 
the ascending and descendinji' colon. All these ports poset:wi at Bmt a complete mesentery like 
the rest of the intestine, but that of the duoilcnnm disappeais entirely, eo that this part of the 
intcstiae becomes fixed to the posterior wall of the abdomen, and the same process takes place 
to a lesser and variable extent with the ascending and dcscendiiig mesocolon. Since the trans- 
verse colon lies ocrots the abdomen immediately below the stomach, it aod ite mesentery, trans- 
vetsel; disposed, also lis immediately below and behind the mesc^BBtrinm (now folded into ths 
great omentom). The two membranes come in fact into cloee cootact, and eventDally com- 
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pletely adhere (^ith. month and onwards) ; and this causes the pancreas to appear to lie alto- 
gether behind the peritoneal cavity, in place of being situated between the two layers of the 
mesogastrium as is at first the case in the human embryo, and as is frequently found in other 
mammals during life. 

The free or floating part of the great omentum is formed by an extension of that part of 
the omental fold which turns upwards towards the greater curvature of the stomach from 
the surface of the transverse colon. The fold is at first clearly double, and in some animalB 
remains so, but in man its two layers coalesce a little while after birth, and after a year or 
two can no longer be separated. It extends gradually, first over the transverse colon (third 
month), later over the coils of the small intestine. 

The spleen becomes formed within the substance of the mesogastrium (fig. 
127y spl). It is developed wholly from mesoblast, and in close connection with the 
pancreafi. It appears during the second month in the human embryo, and grows 
slowly during foetal life, the Malpighian corpuscles being the last parts to appear. 

Formation of the anus. — The anal invagination of the epiblast, which eventu> 
ally by absorption of the septum between it and the hypoblast of the hind-gut opens 
into the alimentary tube, is termed the proctodmum. The junction with the hind- 
gut occurs at a little distance from the posterior extremity, so that there is a blindly 
terminating post-anal or subcaudal portion of the gut beyond the junction with the 
proctodaeum ; this, however, shrinks and disappears even before the absorption 
of the septum. This part of the hind-gut represents a cloaca, since it receives 
through the allantois the ducts of the urinary and genital organs. The sepa- 
ration of the permanent anus from the urogenital orifice, which occurs in all 
mammals above monotremes, is the result of a later process of development (see 
p. 127). 

In mammals the actual amount of proctodseal invagination is very small. The 
septum between the hind-gut and the exterior (anal membrane) is throughout formed 
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Fig. 130. — Longitudinal sbction through the postbrior end of a sheep's exbrto, showing the 

ANAL MEMBRANE. (Boonet.) 

ept epiblast ; Ay, hypoblast ; meSf mesoblast ; h.g, hinclgut ; arrij amnion ; an, anal membrane ; 
p.8, primitive streak ; allf aUantois-rudiment. 

by two epithelial layers only, viz., hypoblast and epiblast, which here are in contact 
with one another without the intervention of mesoblast (fig. 130, an). This con- 
dition of juxtaposition of the two layers is in fact directly derived from the union 
of the two layers which occurs at the primitive streak and groove, and if the latter 
be looked upon as representing the blastopore, the anus may in a sense be considered 
to be formed from a part of that aperture. In some lower vertebrates the anus has 
been shown to be directly produced from the blastopore. 
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FOBMATION OF THS aLAKDB OF THS AIjIMnNTABY CAKAIi. 

Under this head may be included not only those organs which are ordinarily so 
termed, but also the lungs, and the thymus and thyroid bodies, since the early 
development of these three organs resembles that of the true secreting glands. 

All the organs above enumerated are formed as epithelial involutions, either solid 
at first and afterwards becoming hollowed out, or hollow from the first. As these 
epithelial buds grow into the mesoblast, they may either bifurcate or give off lateral 
branches, and in this manner all the ramifications of the ducts of the compound 
racemose glands are produced. The blind extremities generally end eventually in 
enlarged tubular or saccular dilatations. All the epithelium of the gland-siaccules 
and ducts is derived from the original epitheUal sprout, while the basement 
membranes and connective tissue and blood-vessels of the gland are derived fix)m the 
surrounding mesoblast. The salivary glands and most other glands of the mouth, 
and part of the hypophysis, which must also be reckoned as a glandular development, 
are formed in this way by involution of the buccal or stomodaeal epiblast ; while the 
lungs, liver, pancreas, thyroid, thyruus, and all the small glands of the rest of the 
alimentary canal are formed of involutions of the hypoblast. The development of 
the teeth, which also first make their appearance as involutions of stomodasal epiblast 
(enamel germs), will be described after their structure has been dealt with (in the 
part of this work which is devoted to Splanchnology). 

The lungs. — The lungs begin to develope from the ventral part of the pharynx 
at its junction with the oesophagus, in the beginning of the third day in the chick, 





Fig. 131. — ^LUHG RUDIMKITTS OP HUMAK EMBRYO OP ABOUT 4 WSBK8, SHOWIHO THB BUD-LIKE 
ENLARGEMENTS WHICH REPRESENT THE LOBES OF THE PUTCRE LUNGS. (His.) 

Three buds are seen on the right side, two on the left 
Pig. 132.— Lungs of a human embryo more advanced in development. (His.) 

and in the human embryo at a correspondingly early period (fig. 123, Lg), Tlie 
Imig rudiment is at first single and median, and takes the form of an elongated 
vertical diverticulum of the fore-gut, communicating freely with that tube, and of 
course lined by hypoblast. Soon the diverticulum sprouts out at its lower extremity 
in the form of two tubes which grow downwards on either side behind and on either 
side of the heart, into a mass of mesoblafitic tissue, which keeps pace in its growth 
with the hypoblastic lung rudiment, and from which the connective tissues of the 
future lung become ultimately developed. The extremities of the tubes in question 
are early seen to be dilated and lobulated (fig. 131), three lobules being present on 
the right tube, and two on the left, the division of the lungs into their lobes being 
thus early indicated. 

The farther outgrowth of the lobulations produces the mdiments of the principal branches 
of the bronchi, one for each future pulmonary lobe, and each of these branches then gradually 
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n ^owth, giving off as it proceeds Uterol diverticnla, which fonn t}ie tecondary 
bronchi, and theae again fivini; off others until the whole complicated bronchial nmifioatitiit 
is erentuolly prodnoed. Like the first spronts from the median diTerticnlum, all the secondarT 
and obher sprouts fse dilated at their termination, and hare a lobnlatad aspect (fig. 125, Z^ .- 
figs. 1^1, 132, 133. This is dne to the fact that they 
ate nndergoini; a farther diviBion or sprotitiiig'. This 
process goes on until the sixth month of intraQt«rine 
life, hj which time all the dilated ends of the growing 
and sprouting tubes have reached the sorfaoe of the 
tnn{:. These dilated ertremitiea which now appear 
grouped together, and apparently springing several 
from a common tube, form the infundibulai, bat their 
walla are not at first beeet with air-cells. The forma- 
tion of these takes place when the bronchial ramiSca- 
tion is completed (sixth month, KoUiker), as small, 
closely-set, ponch-like protrasious of the walla of the 
intnndiboia, end of the terminal bronchial tubes. 

The trachea and larjnuc are formed by a 
separation from the cesophagns of the original 
median diverticalum, from the loK'er aogleB of 
iH RMBBTo which the bronchial rudiments have eprung, the 
(His.) separation commencing beiow, and leaving a 

relatively small connection between the two 
tubeB above : this connection is the mdimentary glottis. As development advances, 
both the tracheo-laryngeal and the (Esophageal tubes lengthen, the latter relatively 
more Chan the former, so that the lung rndimcntfl no longer lie, as was the caae at 
first, in front of and on either side of the stomach, but extend downwards somewhat 
short of that organ (fig. 125), separated from one another by the cesoph^^us behind, 
and the heart and pericardium in front. As they thus grow backwards with the 
lengthening of the trachea, the lung rudiments project into the anterior part of the 
body-cavity or ctelom (dorsal portion), and receive a covering Irom its lining mem- 
brane, at first only below and on the external surface, but subsequently on the 
internal aapect, so as to separate them from the ccsophagus. The portions of the 
body-cavity into which the lungs project become shut oiffrom the remainder on 
the formation of the diaphragm and pericardium, and form the pleune. 

The pulmonary blood-vessels are comparatively late in being developed, the 
arteries penetrating into the lung tissue only on the twelfth day in the chick. 

The thyroid body is developed partly as a median diverticulum of the pharyn- 
geal hypoblast opposite the ventral ends of thesccond visceral arches (fig. 125, B,jSi:^); 
partly as a (bilateral) diverticulum of the posterior wall of the fourth visceral cleft. 
The median diverticulnm in most animals early becomes separated from the 
pharyngeal hypoblast, and is thus converted into an island of epithelium imbedded 
in mesoblast. In the human embryo, as His has shown (fig. 134, A, thr), it remains 
for some time in the form of a hollow bifid vesicle, which is conneoied with the upper 
surface of the tongue by a small duct (ductus ihi/reoghsstis, d) ; subsequently, however, 
the vesicle becomes solid, and the duct is obliterated and disappears, with the 
exception of a small portion near the orifice, which becomes converted into the 
foramen a/:cum of Morgagni,/.c. 

Ocoasionallj even in the adnlt a comparativelj long duct is found, leading downwards 
and backwards from the foramen aecum. This, which has been termed the duelai liitgtialu, 
is the remains of the origiaol thyrolingraal duot connecting the median part of the thyroid 
with the tonjjue. It may further happen that the lower part of this connection also remains 
in the shape of a tubolar prolongation of the median portion of the thyroid towards the root 
of the tongue (duclvi thrynidiui ; when well developed this forms the pyramid). The so- 
called acceesory thyroid bodies (anpra-hyoid, pnehyoid glands, iio.) which are occasionally 
found near the h^oid bone, are also referable to the thyrolingual duct (His, Anatomie 
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, p. 101, vhere referanoe to the liteiatDre of these Aooeeeoiy 

The bilateral diverticula, which assist in the formation of the thyroid body, spring 
from the fourth visceral cleft (Born) {fig. 135, thr'). They have at first the appearance 
of Himple saccular glands partially encircling the developing larynx (fig. 134, Ihr'). 
In front of this they come into connection with the median rudiment, and eventually 
blend with it. Like that rudiment, they become entirely separated from the hypo- 
blaetic surface from which they have taken origin, their cavity disappears, aad they 




Pig. 134— SRKT0HR3 



A, pmfile sketch from the left aide. 

B, friiDtiil Hketch from behind. 

(, tongiic ; d, ductus thyreogloBens ; ep, epiglottis ; opposite I. larynx ; tr. traehea ; a, cBBophagnB ; 
tJtr, median rudiment of thyrald ; Ihr', lateral rudiment of tfayraiil ; Am, developing thjmui, Been on 
the teft Kide of It to be connected with a Tiweral cleft ; oo (in B), ascending aorta ; no', descending aorta ; 
0, carotid. 

are converted into ramifying and anactomosing cell-cylinders, between which vascular 
connective tissue becomes developed. The cell-cylinders subsequently become hol- 
lowed out, and finally are subdivided l^ growth of the connective tissue into small 
vesicles, which gradually become larger from accumulation of colloid in their interior. 

In most Tertebmtes, tbe lateral and median parts of the thTroid remain distinct ; the 
former are the org^ans known ai tupra-pericardial bodim in elaamobninchs, and as acreunry 
thyToidt in other animals. Oulf in mammals do the; become tmited into one organ as 



The ttaymos is also developed as a growth of the epithelium (hypoblast] of some 
of the visceral clefts ; in birds from the third and fourth (fig, 135, Uiym), in reptiles 
from the second, third, and fourth, aud in lower Vertebrates from several clefts (de 

TBI CBicK. (de Mencon.) 

4, indicate the correaponding risceral clefts ; Vtym, mdimenta of 



; tKr, medttm rndim 



t of ^jrroid ; thr', lateral nidimenta of 




Meuron). tn mammals the thymus appears as a (bilateral) 

tubular prolongation backwards of the extremity of the 

third visceral cleft (Kollikcr), receiving, according to de 

Meuron, an accession from the hypoblast of the fourth cleft, 

aa in birds. The tube, which baa a nan'ow lumen, and 

comparatively thick epithelial lining, is surrounded by vascular connective tissue, 

within which numerous lymphoid cells become accumulated, and grows downwards 

aloi^ the side and in front of the trachea, where, in mammals, it generally unites 
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with its fellow to form a median organ. Its lower end then gives off solid, bud-like 
excrescences, and lateral bads come off again from these, so that this patt of the 
organ acquires a ramified, lobulated appearance like an acinous gland. The acini ai'e, 
however, solid, and remain so, although the upper end of the tube still has a narrow 
lumen. 

The lymphoid cells next invade the epithelium, growing into every part of the 
tubular gland, and converting it into a mass of adenoid tissue. In this process the 
epithelium becomes broken up into small isolated portions, some of which remain in 
the medullary portion of the lobules as the epithelial nests which are seen in sections 
of the fully developed organ, and are known as the concentric corpuscles of Hassall. 

The liver. — ^This organ arises in the form of two diverticula of hypoblast, which 
grow from the ventral wall of the duodenum immediately beyond the stomach (figs. 
117, 118, 1, 123, Lb), They extend into a mass of mesoblastic tissue which connects 
the stomach and duodenum with the anterior wall of the abdomen, and which (with 
the mesentery, with which it is continuous round the gut) separates the body-cavity 
here into a right and left half. In this tissue is the omphalomesendc or vitelline 
vein (and later the umbilical vein) proceeding on either side to the sinus venosus, 
and the liver diverticula grow into the mesoblast above and in front of these veins. 
Here they ramify, giving off solid buds of cells which grow into columns or cylinders, 
and these again give off lateral diverticula of the same kind. So £ur the development 
of the liver resembles that of a compound tubular or acino-tubular gland, except that 
the ramifications of the original gland divjerticula are from the first solid instead of 
hollow. But soon an important difference appears in the fact that the cylinders 
unite and anastomose with one another everywhere to form a close network, and 
from the cords of this network solid sprouts are again constantly being given off to 
form fresh cylinders, thus producing a yet closer and more intricate network. In 
the meantime, capillary blood-vessels are formed in the mesoblastic tissue in which 
this formation of cell-cylinders of hypoblast is going on, and these vessels, which 
form a network interlocking with that of the anastomosing cell-cylinders, become 
connected with branches of the vitelline vein on the one hand (vencR advehenUs), 
and on the other with veins (vencB revehentes) which pass towards the sinus venosus, 
and eventually are found opening as the hepatic veins into the inferior vena cava. 

Hie two original hoUow diyerticnla are the radimente of the right and left hepatic dncts. 
The common bile dnot is formed later by a protmaion of that part of the duodenal wall with 
which the original diverticula are connected. This protrusion also eventually receives the 
duct of the pancreas, which becomes shifted towards it. As the common bile duct lengthens, 
the liver becomes separated from the duodenum, with which it was at first in close connection. 
The portal and interlobular bile ducts are formed by the hollowing out of some of the 
anastomosing ceU-cylinders, so that a lumen is produced within them surrounded by hepatic 
cells, which lose their original i>olyhedral character, and become changed into the columnar 
epithelium of the ducts, the anastomoses between the ceU-cylinders here disappearing. 
The remaining cylinders form the secreting substance of the liver. The biliary oanaliculi 
appear as minute passages between the cells, and come into continuity with the bile ducts. 
V^ith a further development of the connective tissue of the organ, the glandular substance of 
the liver, which was at first continuous throughout, becomes separated into lobules, and the 
network of ceU-cylinders tends with multiplication of their cells to become fused into a con- 
tinuous mass within each lobule, the bile oanaliculi forming by numerous lateral junctions and 
anastomoses a close network of interceUular jKissages within the lobule. 

The gall bladder and cystic duct are formed by a diverticulum from the common bile 
duct, which apx)ears in the second month. 

In the elasmobranch fishes, and in amphibia, there is only a single hepatic diverticulum. 
The anastomosing cell-cylinders which sprout from this are not solid, but hollow, with a 
narrow lumen, and the liver has from the first and retains permanently the character of a 
compound gland formed of anastomosing tubules. In reptiles the cylinders also have from 
the first a narrow lumen. In birds and mammals the cylinders are solid, as in man. 

As the liver grows, it projects on either side into the pleuroperitoneal cavity. The 
mesoblast which unites it to the anterior waU of the abdomen, becomes thinned out to form 
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the saspensoiy ligamentw That whioh unites it to the yentral wall of the stomach and dno- 
denom also becomes thinned out ; it forms the small or gastro-hepatic omentum. The liver is 
at fixst an ezaotlj symmetrical or^g^an, the right and left lobes being equal in size and 
^TDimetrically placed. After the fourth month the right lobe begins relatiyely to increase in 
aiie, and at birth the proportion of this to the left lobe is as 1*6 to 1. The liver also at first 
grows very rapidly, so that by the second month it nearly fills the abdomen, and causes a 
well marked prominence on the ventral aspect of the embryo. At this time it is calculated to 
oonstitnte nearly one ha}l the weight of the body. The proportion, however, gradually 
decreases, until at term the relative weight of the liver to the whole body is as 1 to 18. The 
fortiier changes which the blood-vessels which pass to the liver undergo will be considered 
with the dev^opment of the venous system. 

The paaoreMi is developed as a hollow hypoblastic diverticulam from the dorsal 
wall of the duodenum opposite the hepatio diverticula^ and somewhat later than these 
(fig. 125, B, 0, Dy p). This hollow process grows into the mesogastrium or gastro- 
dnodenal mesentery, which at this time is well developed, and ramifies within this, 
producing by its off-shoots the ducts and alveoli as with other compound acinous 
glands. As the duodenal loop becomes formed, and this and the pyloric end of the 
stomach are turned over towards the right side, the pancreas loses its median sym- 
metrical position, and with the mesentery which encloses it now lies across the hack 
of the abdomen. This is the condition in which the gland is found in most mammals. 
But in man, with the fusion of the mesogastrium (great omentum) to the transverse 
mesocolon, the posterior layer of the mesenteric fold which encloses the pancreas 
becomes absorbed (Toldt), and the gland becomes fixed across the back of the 
abdomen, and is now apparently altogether behind the peritoneum (see fig. 12, 129). 
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DEVELOPMENT OF I'HE URINARY AHD GENERATIVE ORGANS. IIS 



SEVELOFUENT OF TEE TTBINARY AND OENERATIVE OBQAHS. 

The nriiiai7 and generative orgaDs originate in connection with the intermedtaU 
cell-mtus, a portion of mesoblaet which is seen in sectiona of the early embryo lying 
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Pig. 136.— PiRT OF i THdjaTKESI BBCTIOX OF A OHICI B«STO OF 2 BATS. 6 BOCM. (KdUiker.) "J" 

iv, protoiertebra ; mp, Utend mesoblaet ; d/p, splanchnoplenric meaoblaat ; 



between the paraxial mesoblaflt and the pleuro-peritoneal cleft, and abntting against 
the eitemal epiblast (fig. S9, p. 37). 

Fig. 137. — Section 



g!. glonieruliu ; ge, peritoneal epithelium ; Wil, Wolffiaii 
duct ; ao, aorta ; tue, meBeatec;. 

Some of the cells of this intermediate cell-masB 
become differentiated into a longitudinally run- 
ning cord, which subsequently acquires a lumen, 
and is then known as the Wolffian duct (fVom its 
discoverer, Caspar Friedrich Wolff) (fig.136, wg). 
Posteriorly the duct opens into the cloaca. The 
anterior part of the duct becomes connected with 

invaginations of tbe peritoneal epithelium, between which vascular glomei-uli project 
freely into the peritoneal cavity (fig. 137). These glomeruli constitute the head 
kidney, fore-kidney or pronephros} Along its inner side, somewhat further back- 

' Hertwig. Aoconling to Balfonr aod Sedgwick, Uhmi glomeruli fonn tbe ssterior part of the 
Wolffian body, and the liead kidney is represented b; the MiiUerian iaTagtnationt referred ts later on 
(leep. 122 and fig. U6). 
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wards, a aeries of transversely coursing tubes becomes developed in the intermediate 
cell-mnss. These tubes are connected for a time with other iavolutions of the 
peritoneal epithelium (fig. 141), but eubseqnently loee their connection with that 
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pd, «egniental duct ; opening at o, into the bod; cavity uid at its other eilreinity into the cloaca ; 
t, line of aeparation betw«en the Wolffian duct above and the Mltllerian duct below ; if, segmeutal tubcii, 
opening at one end into the bod; caiit; and at the other into the segmental duct. 



iK.d, Mulleriaa duct ; w.d. Wolffian dui^t ; s. t, segmental tubes ; five of them are repmeated with 
openings into the bodjr cavit;, and live poateriorlj correapood (o the metsncphros ; or, the OTary ', d, 

C. — DuasAv or the arrahobmeht of the caiHo-aKiimL oEtOAiiB m ih addlt uali elasuobhakch. 
m,d, rudiment of Hullerian duct ; »,</. 'WoliGaa duct, serving at vd aa ves deferens ; i.t, segmental 
toliea, two represented witli openings intj) the boilj cavitj ; d, ureter ; t, testii, ; nt, canal at the base 
of Uie teetis ; V.E, vaa efferentia ; tc, longitudinal canal of the Wolffian bodj. 



epitbeliam, and acquiring glomemli at one part, at another part open into the 
Wolffian duct. They form the mid-kidmy. Wolffian body or meimephros, which 
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presently projects aa a distinct Tsacnlar organ along the dorsal part of the peritoneal 
cavit; on either aide of the mesentery. Subsequently another duct becomes der^ 
loped along the outer Bide of the Wolffian body, along vrhich it runs backwards to 
open also into the cloaca : in front it communicates with the pie u rope ritoneal cavity 
by one or more funnel-shaped apertores (fig. 143, z). This is the Miillerian duct, so 
named after Johannes MilUer ; in some of the lower vertebrates it arises in common 
with the Wolffian duct. From the lower end of each Wolffian duct a hollow pro- 
trnsion (fig. 125, C and D, If) grows upwards into a mass of mesoblast continuous 
with that of the Wolffian body ; with the branches of this protrusion glomeruli and 
coQTolnted tabes also become connected, and thus the permanent kidney {h\nd-]adney, 
metanephroa) is produced. Lastly, the coelomic epitbeiinm covering the inner side of 
the Wolffian body becomes thickened (fig. 143, a), and within it are found larger 
cells, irom which the generative products iu both sexes (ova and spermatozoa) are 
eventually derived. This epitheiiam is accordingly known as the germinal epithelium. 
The duct of Miiller becomes in the female the oviduct or Fallopian tube ; in the 
male it becomes atrophied. The Wolffian duct in the male becomes the epididymis 
and vas deferens ; while the vasa efierentia and tubes of the rete testis are formed 
as on^rowths from the Wolffian body ; in the female these parts hare no permanent 
Junction. 

The head kidney, althoi^h permanent and fiinctional in fishes, is only a mdi- 
mentary organ in the emhryo of higher vertebrates, and soon disappears. The 
Wolffian body is well developed in all veitebratee ; in fishes and amphibia it is an 
important part of the permanent arinary apparatus, and also serves to carry away 
the male sexoal products (fig. 138). In higher vertebrates (amniota) it no longer 
continues to perform excretory fnnctions, bat still supplies the efferent apparatus of 
the testis. 

The details of the development of these parts may next be considered. 

The WolAan dnot and body. — The commencement of the Wolffian duct is 
Been at a very early period of development (second day in the chick, eighth day in 
the rabbit) as a thickening of the intermediate cell-mass in the anterior region oi 
the tmnk (fifth somite) (fig. 39, WtC). The outgrowth projects towards the epiblwt, and 




».c, inednUai7tnbe ; p, protoT«rtebra ; ep, epibUst; in«, latentl mnoblut split into ipUncbaoplenM 
■Del iwmatopleun) ; cm, plenro-peritoaeal cavit; Mtween thsm ; et^, caTJt; of protoTertebn. continnoiu 
on the right Eide with the laUr&l meanbbatic cleavage; W.d., Wal&ui dact; W.h., m'Moblut of 
WolfGan bodj ; ch, notocbord. 

developes fh>m before backwards ; a solid cord of mesoblast thns becomes formed, which 
gradually becomes detached from the remainder of the intermediate cell-mass, lying 
close to the epiblast (fig. 139, ung). Soon after it is thus formed, a lumen appears in 
it and extends both forwards and backwards. The posterior end, which is still solid, 
is presently found to be attached to the epiblast, and apparently continues to grow 
backwards along and at the expense of the epibhist nntil it reaches the poetwior end 
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of the body, where it becomea detached from the epiblast, and is coooected vith and 
opens into the hind-gut (cloaca). 

I haye here followed what has appeared to me the most probable account of the origin of 
tbe duet (Martiii, Strahl), bat it ia right to state that in the opinion of some observers 
(HenBon, Spee, Flemraiag) the formation and growth of the doct in connection with the 
epiblast is primaiy, eepeoially in mammals, and the doct is origiuallr formed bj a longitadinal 
thicksning and involation of tbe epibla«t, which only tecondaril; becomes connected with the 
intermediate cell-mass. Compare atiio Haddon, Origin of segmental duct, Proc. R07. Dnblin 
Society, Vol. V. 

In teleo9t«ans (Roseabnrg) and amphibia (Gotte) the Wolffian duct has been described as 
developing in. tlis form of a longitudinal groove-like invagination of the somatopleural meso- 
blast (Balfonr, Comp. Emb., vol. ii, pp. 580, liS2), but more recent researches appear to indi- 
cate that in these animals also tbe epiblast may be concerned in its formation. 

The Wolffian body developes in the intermediate cell-maBS between the Wolffian 
dnct and the body-cavity as a eerieB of tranaverae tubes which lie at right angles to 
the course of the Wolffian dnct, and open into it at regnhtr intervals. Tbe usual 
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mode of formation of 
these tubes — which are 
sometimes termed s^- 
ntfnlat tubes — -appeare 
to consist in the accu- 
mulation at regular intervals, corresponding with the somites, of rounded masses 
of mesoblaat on the mesial or ventral aide of the Wolffian duct (fig. 142, ic.b.), 
which masses become afterwards hollowed out so as to form small vesicles, at 
firat isolated, but afterwards growing towards and opening into the Wolffian 
duct (fig, 140).* Corresponding with these vesicles there become formed invi^- 
nations of the epithelium of the body-cavity (fig. 141, st), which is thickened 
along the inner side of the Wolffian projection, and grows at regular intervals 
towards the vesicles. These ingrowths may at firat communicate by funnel-shaped 
openings, which in some lower vertebrates are lined by ciliated epithelium, with 
the body-cavity, but the openings in higher vertebrates become closed again before 
communication with the Wolffian duct is established. Finally, the connection 
between the Wolffian tnbes and tbe peritoneal epithelium is oompletfily severed, and 
the condition of simple or curved transverse tnbes, blind at their inner ends and 
opening at their outer ends into the Wolffian duct, is produced (fig. 142, B). After 
a time the blind extremities are seen to be enlar^d and spoon-shaped, and glomeruli 

' According to v. Wjjhe the bollov conditioa is the primary one in eUsmobianchs, and the cavity of 
each vesicle repreaents an intermediate part of the ciElom of the segment (meao.ccE]ain), the doisal 
dxlom being repiesenled by the cavity of the proto-veriebra and the ventrsl ccelom b; the pleuruperi- 
toneal space. I hare mjraelf obeerved this condition of a hollow intenoediate cell-mau communicating 
on the one hand with tbe cavity of the prolovertebra and on the other with the cleft of tbe lateral 
meMbtost, in a cbick of 33 bonrs (see fig. I3B). 

In mammals the Wolffian veddes are more aameronE than the segment*. 
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are obwrred developing in the bowl of the apoon from inesoblast cells, which 
preaentlj become entirely enclosed by the end of the tube. Subsequently a second 
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and a third aet of tubes become developed in a eimilar manner, but withont perito- 
neal invaginations, and also open directly into the Wolffian dnct. Lastly, other tabes 




Fig. 142. — Tkukvbuk 

v.d. Wolffian duct; 



(Bonnet.} 

o.b. Wolffian bodj ; p.v, protorertebn ; eh, natochord ; 
i, intertipa ; y.t, jolk-sac. 



with glomeruli become formed between, and open into those which are already 
connected with that duct. All these tubes are short and straight when first deve- 
loped, but afterwards lengthen and become converted into convoluted uiiniferoua 
tnbes, which, like those of the permanent kidneys, begin in a dilated extremity 
enclosing a tuft of capillary blood-vessels glomerulus), which are supplied by 
branches of the primitive aortee. 
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When completely formed, the Wolffian bodies are seen on openiug the abdomen 
of the embryo aa long prominent vaecnlar organs projecting into the peritoneal 
cavity on either aide of the inteetine, and showing in aectioQ nnmerona Malpighian 
corpuscles and nriniferous tubulea variouBly cut (fig, 143). 

Soon after having attained its complete condition of development, the Wolfifian 
body begins to undergo atrophic changes. These proceed much further in the 
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female sei than in the male, bnt tbe 
tubules of the organ do not entirely 
disappear in either sex. In the 
female they form the rudimentary 
organ which is known as the par- 
ovarium (epoophoron of Waldeyer), 
while tbe main tube of that strno- 
tnre represents a remnant of the 
Wolffian duct. But tn many animals, 
e.g., the sow, the ^olfBan duct re- 
mains as the dtKl of Oartner, a 
strong, slightly nndnlated tube, which is traceable, at firat &ee in tlK broad ligament 
of the ntems, and lower down becoming incorporated with the ^11 of the uterus 
and vagina, upon which last it becomes lost. Traces of this tub^can sometimes be 
seen in sections across the body or cervix of the adult human nte^s, and even lying 
in tbe wall of the vagina. 

In the male the Wolffian duct forms the tube of tbe epididymis, the vas deferens, 
and the ejaculatoiy duct ; the seminal vesicle being formed as a diverticulum from 
its lower part. The coni vasculosi and tubuli efferentes are in all probability formed 
by the persistence of some of the tubules of the Wolffian body. The Malpighian 
corpnscles of these tubules have long disappeared, but previous to their disappearance 
solid columns of epithelial cells, afterwards becoming tubules, grow ftom the walls of 
those corpuacJus towards the gerrainal epithelium (fig. 153), where, in the male, they 
become continuous with and enclose cells derived from that epithelium (which . 
subsequently form the epithelium of the seminiferoos tubes), and thus produce the 
walls of the seminiferous tubules and the rete testis. In the female ses there is also 
a growth of solid celtnlar columns towards the germinal epithelium, but no connec- 
tion becomes established between them, and the columns do not become tubolar. 
The organ of Giraldes and the vasa aberrantia of Haller are probably the remains 
of one or more Wolffian tubules. 

Suprarenal okpaolea. — These organB are iatimatel; conuected in their developmeut with 
the Wolffian bodies. According to the obserrBtioaB of Weldon Bome of the oellnlar colomna 
which g'TOw from the Malpighian corpnecles of the upper part of the Wolffian body towalda 
the germinal epitbelinm give offsets which pass apwiude towards the inferior vena csva, and 
there become developed into the cortical enbBtance of the Buprarenal capsules. (Mihalkovics, 
on the other hand, stataa that the Btranda of oells which grow tiom Uie upper part of the 
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Wolffian bodj to taks port m the foirnalioo of Hm snprannal capnilee havs been derired tij 
proliferetion from the gennmal ep thehimi.) It had long been believed that the two parte of 
these oisauB cortical and mednl arj are separate in origin ; the former being derived, ae waa 
thought from cells irh cfa are of meeoblastic origin, the latter being developed in oonneotion 
with the Bjmpathetio ganglia. In elasniohrandia and some ether lower vertebratee, they 




Fig. 144 — Intibhal d 

UiQMFiED [from Waldejer). 

D, the ovaiy fall of primordial ova ; e, tubes of the upper part of the Wolffian bod; farming the 

spoopboroa (pamvarium of Kobelt) ; W, tbe lover part of Uie Wolffian body forming the paroopfaoTon 

u His and Waidejer ; w', the Wolffiitn duct ; H, the Uullerian duct ; m', ile npfier fimbriated opening. 



Fig. 145. — Ihtbrhil a 



r 81 II 



'a Lona (h'Om Waldeyer). 



(, body of tbe testicle with Bcminal anals formed ; t, epididrmis, or upper part of Wolffian bodj ', 
W, Wolffian body, lower pert, becoming paradiiijmiB or organ of Oiialdis : vf Wolffian duct, becoming 
rat deferens ; g, guberaaculnm. 




o, a, EpoophoTU 
□ppermoeb tubes, « 
c, atrophied r 



(parovariam) formed from tbe upper part of the Wolffian bodj ; h, remuci of the 
letimes forming hydatids ; e, middle set of tabes ; d, some lover atmpbied tubes \ 
of tbe Wolffian dnct ; /. the terminal bolb or hydatid : 4, the Fi " ' " " •-- 



originallj tbe duct of Muller ; i, hydatid attached to tbe eitremitj ; I, the ovaij. 



a, a, cODTolnted tubes in tbe head o 
h and /, hydatids in the bead 
IS of tbe dnct of Mailer vitb i, the hydatid of Moigsgni, at its upper end ; I, body of the testis. 
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oonsiflt thronghont life of two sepazate portioxiB, one median and single, the other, derived 
from the sympathetio ganglia, paired ; in birds, reptiles, and mammals these distinct portions 
are oombined into the two paired organs (Balfour). But in these also, as has been shown by 
MitsBukuri for mammals, the medoUary or nenrons part is at first distinct and outside the 
cortical, into which it gradually insinuatee itself, retaining, however, its connection with the 
neighbouring sympathetic ganglia. 

The permanent IddneyB arise (1) as protrusioDS from the posterior end of the 
Wolffian dncts (see fig. 125, C and D, N), which grow forwards towards the lower part 
of the Wolffian bodies, and form the ureters and the collecting tubules of the kidney ; 
(2) from a portion of the intermediate cell-mass situated posterior to the Wolffian 
body, and within which convoluted tubes and Malpighian corpuscles, and eventually 
the remaining parts of the uriniferous tubules become developed. But before these 
changes occur in this intermediate cell-mass, it shifts its position relatively to the 
Wolffian body, eventually coming to lie above and behind that organ. The con- 
voluted tubes, with their Malpighian corpuscles, appear to be developed independently 
of the ureter and collecting tubes, as in the case of the Wolffian tubules and the 
Wolffian duct, a communication between them being only subsequently established. 

The glomeruli are apparent in the eighth week in the human foetus. In the 
third month the papillee are formed, and in the fourth month the loops of Henle are 
seen. The tubes are wider in the foetus than in the adult ; the expansion of the 
kidney as growth advances must therefore be due mainly to an increase in length of 
the tubules, since new tubules and glomeruli do not appear to be formed. The 
human kidney is at first lobulated, the lobules corresponding in number to the 
Malpighian pyramids, but by the end of the first year after birth, th^ kidneys have 
usually nearly lost their lobulated appearance. 

The nxinaxy bladder is formed by a spindle-shaped dilatation of the stalk of 
the allantois (second month). The upper pole of the spindle extends as the urachuB 
into the umbilical cord ; it not unfreqnently remains hollow for some length within 
the cord (Luschka). The lower pole of the spindle which passes towards the cloaca 
becomes the first part of the urethra of the male, and the whole of the urethra 
of the female. The rest of the male urethra is formed and enclosed by the folds of 
integument which produce the penis (see p. 128). The ureters, which are originally 
prolonged from and open into the Wolffian ducts, subsequently become shifted in 
position, so as eventually to open into the enlargement of the allantoic stalk, from 
which the bladder is formed. 

The MMlerian dnbt. — In lower vertebrates, as was shown by Balfour for 
elaamobranchs, this duct takes origin by the splitting off of the ventral part of a 
longitudinal segmental or Wolffian duct, the dorsal part remaining as the Wolffian 
duct proper, and receiving the segmental and uriniferous tubes, while the ventral part 
retains the funnel-shaped orifice, by which the segmental duct communicated ante- 
riorly with the body cavity, and comes to open posteriorly into the cloaca by an 
orifice distinct from that of the Wolffian duct (fig. 188 and fig. 147). In amniotic 
vertebrates, the process of formation of a Mullerian duct is somewhat different 
It arises on the outer side of the already fairly well developed Wolffian body, and 
some little distance from the anterior end of that organ, as a thickening of the 
peritoneal epithelium (fig. 143, a'), which thickening becomes invaginated towards 
the adjacent Wolffian duct, in the form of three successive funnel-shaped depressions 
(fig. 148), somewhat similar to those which are connected with the previously formed 
Wolffian segmental tubes. The invaginations are connected together by a con- 
tinuous epithelial ridge, forming a cord which becomes disconnected from the 
peritoneal cavity except at the anterior invagination, and subsequently acquires 
a lumen. The short tube which is thus formed, soon begins to grow backward 
as a solid rod of celts, which comes in close contact as it proceeds with the Wolffian 
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dnct (fig. 149). To this duct it preBently adheres intimately, and then continnea 

Fi<. 147.— FocB siCTiona thbocoh 



The fignn ihowB fao« the Begnieotal duet becomes xplit into tho 
WolSui dact donallf uid tbc Mulleruo duct or oTiduct ventnUlj ; 
Wd, Wolffian duct ; od, Mullerian duct or oviduct ; id (in D), 
Ngin«nl>l dact. 

to grow bockwaros for a certain dietance as a thicken- 
ing of the epithelium of that tube, the thickening 
becoming gradaallj separated off irom before back- 
wards, end the lumen passing along it. Further back 
it ceaees to grow thus in connection with the Wolffian 
dnct, but is prolonged as an independent cellular cord, 
which lies in a groove along the side of the Wolffian 
dnct (Balfonr and Sedgn-ick). 

Entering the genHal cord,' the two Miitlerian dncC« 
lie at first on the mesial side of the corresponding 
Wolffian dncts, hnt lower down pass behind them ; 
they finally come ^aio between these ducts, lying 
close together, aud, according to Mihalkovica, approach 
cloee to the sinus nrogenitalis, which by this time is 
formed out of the ventral part of the cloaca (see p. 128) 
without actually opening into it for some time. The MiJllerian ducts fiise together 
below into a single tube (fourth month) ; the fusion begins not at the lower end. 





Pig. 14S. — Stotions 




DCCT. (Balfour and Sedgoick.) 

Id a, the terminBl portion of the duct 

is quits diMioct ; in B it has uoitecl 

with the mil of the Wolffian duct, turf, 

Hulleriun duct ; Wd, Wolffiui duct. 

but a short distance away from 
this (fig. 150, 3), and proceeds 
both downwards towards the 
future orifice aud upwards for a 

' A name given to the thickened maaa of tiuue which muroundi the Wolffian ducts ki thej o 
tcgtthsi to the cloaca behind the stalk of the allantoia (tftervarda the bus of the bladder). 
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oertain length, the amount of this upward extension of the fosed ducts varyinf; in 
different animals. 

The united part of che Miillerian duets afterwards forms the foundation of the 
vagina and uterus in the female, and the prostatic vesicle, or uterus masculinus in 

Fig. 150. — Tjufsversi sscnoirs or trs 

QVS1TA.L OORD IN ▲ FKMALE CALF UC- 

BBTO. Magnified fouhtxbn diamstebs. 
(Kbiliker. ) 

1, near the upper end ; 2 and 3, near the 
middle ; 4. at the lower end ; a, anterior, 
p, posterior aspect ; m» Mtlllerian docti 
united or separate ; ir. WolfliAn ducts. 

the male ; the upper or fore part of 
the Miillerian duct disappears in 
the male, in the female it forms the 
oviduct (Fallopian tube). 

The hydatids of Morgagni are 

believed to represent in the maiC the remnant of part of the Miillerian 

duct. 

In the human embryo of the third month the ntems is bifid, and it is by the upward eoc* 
tension of the median fusion that the trian^ar body of the uterus is produced. The bifid 
condition correBi)ond8 with the bicomed uterus of many animals, and the process of fusion 
above described explains the occasional malformation of a partial or complete division of the 
uterus and vagina into two passages. Up to the fifth month there is no distinction between 
vagina and uterus. Then the os uteri begins to be seen, and the cervix uteri subsequently 
becomes manifest as a part, which is at first thicker and larger than the rest of the orgtin. 

In some animals the prostatic vesicle of the male is prolonged into comua and tubes like 
the uterus of the female. 

The germinal epithelium. — This name was given by Waldeyer to the thick- 
ened epithelium lying along the inner side of the AVolflSan projection (fig. 148, a). 
The cells become at first columnar, and then two, three, or even several layers thick, 
while at the same time the mesoblast below them becomes increased in amount, and 
thus a marked projection is produced, which in some vertebrates forms a distinct 
ridge — the genital ridge. Amongst the cells of the germinal epithelium, some are 
seen which are larger and more spherical than the others, these are the primordial 
ava (fig. 143, o), and occur in both sexes ; in fact, up to a certain point, the differ- 
ence of sex of the embryo is not apparent. 

Development of the OTary. — In the female sex the germinal cpithefium soon 
becomes much thickened, and begins to grow down into the mesoblastic stroma in th&. 
form of columns of epithelium cells, which enclose amongst them some of the prim- 
ordial ova.^ These columns constitute the egg-tubes of Pfliiger (fig. 152). They 
are separated irom one another by. mesoblast, which grows towards and into the 
germinal epithelium simultaneously with the down-growth of the egg- tubes, and 
there is thus produced a complete interlocking of strands of connective and epithelial 
tissue, which together constitute the ovary. The egg-tubes next become broken up 
into rounded groups or " nests *' of germinal epithelial cells, each of which may 
enclose one or more primordial ova. The primordial ova eventually develope into 
ordinary ova, two or more frequently fusing together to form a single ovum (Balfour), 
while from the remaining celLs in the *'nest " the epithelium of the Graafian follicle 
is eventually produced. In many of the cell nests, primordial ova cannot at first be 



^ Mihalkovics states that the cells which are to form the follicular epithelium first sink into the 
stroma, and that afterwards the primordial ova follow them, and become enclosed by them. 
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dJstJDgnished, bnt become formed subBequeiitly by an increase in size of one or mora 
of the cells. The farther changes which take place in the Graafian follicle ai^ 
described with the structure of the ovary (v. Splanchnology). The remainder of 



tit- 16^' — TuvinuB 




the germinal epitheliam which is left covering the Borface after the formation of 
the egg-tabes, constitutes the permanent epithelium of the ovarr. 



sosn caiLD. Uiohlt 
(W&ldejer.) 



a, Ovrmiool epitbelium dipping in a 
J, to form m otariaa tube ; e, c, prim 
ordikl en Ijing in tbe germ-cpitheliitia 
d, d, longer tube bscaioing eonitrict«d « 
Mto farm nests of cbIIb ;e, c, largernerts 
/, distinctly formed foUicIe with ovun 
Mid epitbelium ; g, g, blood -veaMln. 




uo mora ^DaUjdiffnsed throngb the 

I rabBtvice of the ovmj tb&n in most, 
'sntm&ls, in man; of which the ^ung 
follicles remain forming a strstam 
neai the surface. In the human 
embryo of from four months ap to 
the period of birth, the oyaij eeems 
to be formed of little else than a masa 
of young ova, cloself surrounded fa 
flattened cells of the germinal epithe- 
lium and conatitnting thus minute 
Graafian follicles ; the amount of 

■tromd being at this time relatively small. It has been calculated that the orariea may 
at this stage cont^n aa many as T0,(JO0 primordial ot^ 

DsTsIopmaiit of the T*aticl«. — The germinal epithelium does not andei^o so 
marked an hypertrophy in the male as in the female. But it becomes thickened, 
and enlanj:ed cells, corresponding to the primordial ova in the female, are found in 
it. Further, smalt strands of the epithelium dip down into the subjacent u 
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which growB simaltaneoiiBly into the epithelinm, and eventually cell-neets aie aepa- 
xated and inclnded in the mesoblastic tissue. Whether these Destg are derived from 
the division of the primordial ova only, or whether they aho include other cells of the 
germinal epithelium is not clear. It would appear that from these cell-nests the 
epitheUum of the seminiferous tubules is developed, although all stages of the 
process have not been observed. The cell-nests eventnally become connected with 
the outgrowths from (be Wolffian bodies (fig. 158, at), which as ah-eady mentioned, 




ij.ip, germinat epitbelinm forming a thickenefl ridge-like projection ; pr.ov, pHmitive otq of ruiaat 
Biies, some in the germinail epithelium and others wniewhiit beyond the Ittutt of this epitheliam ; tt, 
Btr&nds of celk which have grown from ihe Wolffian bod; towards the germin&l epithelium, and one of 
which appears connected with an enlaiged primitiTe ovum. 

form the rete testis and the efferent tubes of the testicle. The reproductive gland is 
in both sexes at first attached directly to the Wolffian body (fig. 156, A, ol), which 
itaelf is attached by a fold of peritoneum to the back of the abdominal cavity. 
This fold becomes the mesovarium or mesorchiuttt as the case may be, A band also 
passes from the Wolffian body upwards to the diaphragm, and another fold contain- 
ing involuntary muscular fibres — the plica gubematrix — runs down towards the 
groin from the lower part of the Wolffian body and the duct. This band, as the 
Wolffian body becomes atrophied, is found to be attached to the reproductive organ, 
constituting the gubemaculum testis in the male,and the round ligament of the ovary 
in the female (fig. 156, ff). 

Beicent of the ^>tiolM. — The testicles originally lie in the Itunbar i^on of 
the abdomen. From this part they become shifted, at first to the intestinal 
abdominal ling, opposite which they are found in the sixth month, and which they 
enter in the seventh month, then down the inguinal canal into the scrotum, which 
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tbej neoally eater by the end of the eighth mooth. But pievJoiisly to this, a poooh 
of peritonenm — th^ processus vaginalis — baa descended into the scrotnm along the 
abdominal nng, ptisbmg before it part of the interaal oblique moBcle and the 
apoaearoaiB of the external obhque, which form respectively tlie cremasteric moBole 




Fig. ISj.— Duoftuu 1 

(0. Hertwig.) 

Id a t]ie testicle u Ijing close to the internal abdominal ring. In B it hfU paBsed inla tha iio of 
the tanica raginalii. 1, skin o[ abdomen ; 1', skin of acrotam ; 2, guperf cisl ttbdomiiul fwcik ; S", 
Cooper's fascia ; S, Tooscular and aponeurotic ]a.ya of abdominal wall ; 3', cremaater maecle and Iper- 
matic fascia ; 4, peritoneam ; 4', processus vaginalis ; 1* visceral layer of processus TaginaliB coveriag 
testicle ; t, testicle ; v.d., vas deferens ; r, internal abdoiEinal ring. 

and spermatic fescia (fig. 154). This pouch, after the descent of the testicle into 
it, becomes shnt off from the abdominal cavity, and forms the cavity of the tnnicn 
vagiDalis. The descent of the testicle into the scrotum is intimately connected with 
changes in the gabemaculum. The guberaacalum extends, as before mentioned, 
from the integument of the groin, which aftei-wards forms the scrotum, upwards 
through the abdominal ring to the lower part of the epididymis. When the pro- 
cessus vaginalis is formed, the gubernaculum lies behind the serous sac. The 
descent of the testicle is accompanied by a shortening of the guberaacular cordt 
which thus appears to draw the organ downwards into the scrotum, and the testicle 
following the line originally taken by the guberaacular cord, also passes down along 
the posterior wall of the processus vaginalis, which it therefore invaginatea from 
behind. 

In maD7 animals the testicles remain t^ironghont life in the abdominal cavity. In others 
they only descend into the scrotam dDring the period of " heat." Caaea of cryptorchismns, in 
which one or botb testicles have fmled to reach the scrotnm, and have remained either in the 
iogQjnal oanal or within the abdominal earity, are not onfreqnent in the htuuan aabjeot 

The ovaries also undergo a considerable change of position, accompanied by a 
shortening of the band which corresponds with the gubernaculum testis iu the mate. 
This baud, as it passes by the united part of the Miillerian ducts which are forming 
the body of the uterus, becomes attached laterally to that organ, and the descent oi' 
the ovary is normally arrested at the side of the uterus. In rare cases, however, the 
oraries pass through the ahdomiual ring by the canal of Nuck, and may even be 
foQud in the labia majors, where they resemble in poeitiou the testicles within the 
scrotum. 

Tli« Eztomsl Organs. — The external organs are np to a certain time entirely 
of the same form in both sexes, and the several organs which afterwards distinguish 
the male aud female externally have a common origin (see fig. 155). A cloaca exists 
till after the fifth week, and the genital eminence from which the clitoris or penis is 
formed makes its appearance in the course of the fifth or sixth week in front of aud 
within the orifice of the cloaca. In the course of the seventh and eighth weeks this 
orifice is seen to be divided into two parts ; hot the exact manner in which the sepa- 
ration of the two apertures takes place has not been accurately traced. The process 
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is connected with the formation of the urogenital cord as an independent Btractore, 
and results in the division of the cloaca into a dorsal or anal and a ventral or 
urogenital part (urogenital sintis). Somewhat later, in the ninth or tenth week, a 
transverse integumental band completes the division, which band forms the whole of 
the perineum of the female, and the part of the perineal integument in the male 
which is situated behind the scrotum. 

Of the two apertures the dorsal one or anus is of small size, and is surrounded by 
a small circular integumental ridge ; the anterior or urogenital aperture forms a 





Fig. 155. — Deyblopubnt of the extbrnal sexual 

ORGANS IK THE MALE AND FEMALE FROM THE 
INDIFFERENT TTPE. (Ecker.) 

A, the exteiiial sexual orgaDS in an embiyo of about 
nine weeks, in which external sexual distinction is not 
yet established, and the cloaca still exists ; B, the same 
in an embiyo somewhat more advanced, and in which, 
without marked sexual distinction, the anus is now 
separated from the urogenital aperture ; C, the same in 
an embryo of about ten weeks, showing the female type ; 
D, the same in a male embryo somewhat more advanced. 
Throughout the figures the foUowing indications are 
employed ; pc, sexual eminence (penis or clitoris) ; to 
the right of these letters in A, the umbilical cord ; 
p, penis ; e, clitoris ; d, cloaca ; ug, urogenital open- 
ing ; a, anus ; 2c, cutaneous elevation which becomes 
labium or scrotum ; I, labium ; 8, scrotum ; eo, caudal 
or coccygeal elevation. 



narrow vertical slit wider behind than before, and running forward as a furrow into 
the rudiment of the penis, or clitoris. 

The well marked eminence in the integument which forms this rudiment, at first 
indifferent in the two sexes, is surrounded by a deep circular fold of the integument 
which encompasses its base, and which is the foundation of the mons veneris and 
labia majora in the female, and when united bj median iiision, of the scrotum in the 
male. The lips of the urogenital furrow, which in the female are converted into the 
nymphse, and in the male unite as the integument below the penis, are both at first 
precisely the same in all embryoes. In the open condition, which continues until 
the eleventh or twelfth week, the parts appear alike in both sexes, and resemble 
the more advanced female organs. The rudiments of Bartholin's or Cou^per's 
glands appear at an early period as involutions of epithelium, near the root of the 
rudimentary clitoris or penis, on each side of the genito-urinary passage. 

In the female, the outer circular fold of integument enlarges at the sides so as to 
cover the clitoris as the labia majora. The clitoris itself remains relatively small, 
and the groove on its under surface becomes less and less marked, owing to the 
opening out, and subsequent extension backwards, of its margins to form the nympha. 
The vascular bulbs, sunk more deeply in the tissues than in the male organ, remain 
distinct and separate, except at one point where they run together in the glans 
clitoridis. The hymen begins to appear about the fifth month as a fold of the lining 
membrane at the opening of the genital passage into the urogenital sinus. Within 
the vestibule, which is the shortened but widened remains of the urogenital sinus, 
the urethral orifice is seen, the urethra itself undergoing considerable elongat-ion. 

In the male, on the contrary, the penis continues to enlarge, and the margins of 
the groove along its under surface gradually unite from the primitive urethral orifice 
behind, as far forwards as the glans, so as to complete the long canal of the male 
urethra, which is therefore a prolongation of the urogenital sinus. This is accom- 
plished about the fifteenth week. When the union remains incomplete, the abnormal 
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condition named hypospadias is produced. In the meantime the prepuce is formed, 
andy moreover, the lateral cntaneons folds also nnite from behind forwards, along the 
middle line or raphe^ and thus complete the scrotum, into which the testicles descend 
in the conrse of the eighth month of foetal life, as before described. 

The corpora cavernosa, which are at first separate, become united in their distal 
portions in both sexes ; but the corpus spongiosum urefchrse which is also originally 
divided in all embryoes, and in the female remains so in the greater part of ite 
extent, becomes enlarged in the male in the glans penis, and its two parts become 
united mesially both above and below the urethra, so as to enclose the whole of that 
tube from the bulb forwards to the glans. 

The following Table and Diagrams exhibit the corresponding parts of the 
urino-generative organs in the two sexes : — 
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THE BXTBBNAL ORQANS. 



Fl(. 15S, — DlAOHAMtDBBOWTai DETILOPNEIIT 



3, ureter ; 4, urinary bladder ; 5, antchas ; 
et, the eenitol ridge from which cither the onij 
or Wrticle is forioGd ; W, left Wolffian bodj ; 
v.v, right and left Wolffian ducts ; m.m, right 
and left HUlleriHTi ductH uniting together and 
nnuing with the Wolffian ducts in qr, the genital 
conl ; wj, sinuB urogeoitalia ; t, lower part of 
the inteatine ; el. clnana ; ep, elevattun which 
becomes clitoris or penia ; U, fold of integnment 
from which the labia majora or scrotum are 
jormad. 



E— DiAasAM or tb£ vihale Ttri; 

0, tbe left <iTU7 ; po, paraTariuin 
(epoophoran of Waldejer) ; W, scat- 
tered remains of Wolffian tab^ near 
it {paroophoron of Waldeyer) ; d O, 
letDaina of the left Wolffian tlnct, such 
M gire rise to tfie duct of Oaittier. 
represented b; dotted lines ; that of 
the right side is marked re ; f, tbe 
abdominal opening of the left Fallo- 
pian tube ; u, ulvrua ; the Fallopian 
tnbe of the right side ia marked m ; 
g, round ligament, corresponding to 
gnbaniacitlnni ; t, lower part of the 

of the bymen ; C, gland of Bartholin 
(Cowper'a gland], and immediately 
above it the orcthia ; cc, corpus ca- 
*emoBam clitoridLs ; ic, vHscnlar bulb 
T corpns apangiosum ; n, nyupha ; 



All 



vul.a. 



(, testicle in the place of its original 
^ionnalioD ; «, caput epididymitf ; vd, vna 
deferene ; W, scattered remains of the 
Wolffian body, constituting tbe organ of 
Oirald^ or the paiadidymis •>( Waldcyer; 
D&, vaa aberrans ; m, Mullerian duct. 
the upper part of which remaina as the 
hydatid of Morgagni, tbe lower pan, 
Tepreaented by a dotted line descending 
to the prostatic Tcsicle, constitutes the 
occaaionallj existing corns and tnbe of 
the uterus masculinus ; y, the giibema- 
eulum ; v>. the te^icula seminalis ; pr, 
the prosla(« gland ; C, Cowper's gland of 
one aidJ ; cp, coqwira caTcrnoaa penis 
cut short ; ip. corpus spongiosum ure- 
thne ; i, scrotum ; tf, together with the 
dotted lines abore, indicates tbe direction 
in which the testicle and epididymis de- 
jeeod from tbeahdomen into the Ecrotnm. 
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DEVELOPMENT OF THE HEABT. 



FOBHATIOIT OF THE TASCin.AB 8TSTEM. 

DXTXIiOPlOiNT 07 IHX aXABT. 

In mammals, the heart appears in the form of two tubes lying in the cephalic 
region, one on either side of the embryo. These are seen at a very early period, 
prior, in fiict, to the Beparation of any part of the aiiint'ntary canal fmm the yolk 
sac, and to the closure of the neural groove. This bilateral condition was first 
observed by Henaen in the rabbit ; it has been seen by His in the bumaa 
embryo. 

The situation and mode of formation of the bi-tubular heart are well illustrated 
by the accompanying figures from KoUiker. They exhibit the condition in the 




Pig. 157. — Rabbit e 



(KuUikcr.) 



The medullaiy groovB ia enlarge,! antoriarly anci 
optio vesicles are growin;; out from the first ten 
■Dent. On either side ot the head, the hilatcrsi 
is Been. Kight pairs af protavenebiic ore fonneil. 



the primaiy 

ulmUr beail 



rabbit embryo of about eight or nine days — the 
time when the heart first makes its appearance. 
Fig. 157 shows such an embryo in surface view. 
The neural groove, as also the sections sbow, is 
widely open, although the rudimcuta of the cere- 
bral enlargements are apparent in it, and also the 
enlargements for the primary optio vesicles. There 
are eight pairs of proto-vertcbrai, the paraxial 
mesoblast in front of these and on either side of 
the cerebral enlaigementa beiug undivided. Out- 
aide this undivided cephalic mesoblast is a short 
tube dipping in front into it, and passing behind 
into a venous trunk, the vitelline or omphaio- 
meseraic vein of the same side. The tube tics 
witiiin and ia immediately surrounded by a clear 
space, which is continued forwards beyond it on 
either side of the fore-brain ; this apace is pro- 
longed from the mesoblastie cleft or pleuro-peri- 
toneal cavity (ccelom). 
The two short tubes form the double rudiment of the heart. The situation 
which they occupy becomes, when the lateral walls fold over to form the for^ut. 
the ventral wall of the pharynx, and the two tubes are thus brought together in the 
middle line underneath the head part of the alimentary canal. Here they soon 
become fused together to form a single median tube, the hinder end of which is still 
continuous with the two vitelline veins, while the anterior end bifurcates near the 
anterior end of the foregnt into two branches which arch dorsalwards on either side 
of that tube, and then pass backwards on each side of the notochord as the twp 
primitive aortte. 

These changes in the position of the primitive heart are partly shown in surface 
view in figs. 158, 159, but they can only properly be appreciated by the study of 
transverse sections. Tig. IGO is a transverse section through the anterior lie&d 
region of the embryo shown in fig. 157. This is anterior to the heart region, but 
shows the commeucii^ folding over of the splanchnopleure to form the for^ut. 
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The mesoblastic cleft (cielom, ph) is somewhat dilated, bnt is not doubled in, as ia the 
heart region. The lateral mesoblast ceases a short distance beyond it. Fig. 161 is 
a section through the middle of the head region of the same embryo. Here, while 





Fig. 1S3. — ElIBRTO BABBIT O 



Fig. 159. — Seetcbes iHowiiro i 

f. (Allen Thomson.) 
A, view from below of an eDibT70 in wbich tbo formation oE (he heart vaa Bomewhtit 
than in Gg. IAS, am) of which an outline of the heart ie repeated in B. C, from another 
lh« two halves of the heart in the coicmencement of their coaleBcenca. h, the part of 
which hecomea the ventricle; a. primitive aortic arches and dcErending . "' 

enleriny the heart posterioily The airowa indicate the coune of the blood. 

the other parts of the section are much the same as in front, the dilatation of the 
coelom, which is in fact the rudiment of the futare pericardium, is occupied by an 



aortffl ; W, vitelline veins 




p, puaiial mesoblaet ; rf, meduUarr groove ; r, ridge bonnding groove ; mp, mednlUrj pUte 
of hind bnun ; h, epibUat ; hp, Bomatopleurs ; dfp, (plancbnopleoTa ; pA, anterior put of ooelom ; 
■■», mesoblut bejond the ccelora ; dd, I^poblait ; dd', nolocbonlal thickening ; «v, Utcntl wall of the 
developing phaijnx. 

invagination, or fold, of the splanchnic meaoblast. This fold becomes subsequently 
entirely separated and the Bpertnre or line of invagination closed ; it forms the 
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muBcnlar wall of the heart. It eocloaes a second tube compoBed of flattened 
epithelium cells ; this so-called endothelial lube (His) becomes the liniug epithelinm 
of the endocardium. 




Pig. Ifll.— A, TftiBavsBSK _ __ _ . _._... . 

rroDiEM. V. (Ktilliker.; 
hh, radimenta of the heart ; ir, pbuyngekl groave. vith natochordal thickeniDg of lijpobbst. 

&.-PABT OF TOI BAHE HOItB BISBLT HAQMFIRD. >)*. (KoUlker.) 

LetteriDg u in Eg 160. In oddltioD :— aM, fold o( BpluichDoplean to form vail of beart ; 
ihh, eiulothelial tube of huart. 



There is some doubt as bj the Eonioe of this eudothelutl tube of the heart. In the preceding 

edition of thin irork it was stSiCed that it is "derived from the deeper part of thevisceial meso- 
liliwt : " this statement being apparentlf founded upon the statemetita and fifrures givea b; 
Kolliker. His ascribes it, like the endothelium of the blood-vessels, to an ingrowth from the 
vascular area. The appearance of the section shown in fig, 161 B, seems to lend coloor to the 
belief that the invagination which has taken place to form the heart is not the aplanchnio 
meaoblast only, but has inolnded also the hypoblastic layer of the Bplanchnopleore ; the notch 
vhich is seen in the hypoblast near «u', appearing to indicate an interrupted connection with 
the endocardial tube. Shotild future investigations show that this is actually the mode of 
formation of the tiU)e, the m^minn li n n heart would be developed in essentially the same 
aianner as has been shown by Rilokert ta oocnr in Fristiurus (an Ehismobrancb), where this 
organ, which, as in all vertebrates below mammals, is formed only after the forei^t ia com- 
pleted, is developed aa a median ontgrowth or thickening of the ventral wall of the for^nt. 
A similar mode ot formation has also been noticed in Cyclostomata, Ganoids, and Amphibia. In 
reptiles and birds the flr«t appearance of the heart is as a bilateral tube, bnt it becomes visible 
only after the foregnt is formed, and the two tubes lie from the first close together, and from 
the surface appear as a single median tnbe. 

Sections at a somewhat later period (fig. 162) show the two tubes lying in con- 
tact on the ventral ^ide of the now completed foregut. The septum which divides 
them at this period has nothing whatever to do with the permanent intra-cardiac 
septum, but soon becomes completely absorbed, bo that hj the fusion of the two 
lateral tubes a single median tube is ^e result (fig. 163). This median tnbe remains 
attached by a suapensory membrane resembling a mesentery (meeocardium poaterius) 
{mp, fig. 163) to the ventral wall of the phaiynx, bnt the mesocardium anterins, 
which also at first results from the fusion, disap">?arB, except at the lower end, and 
otherwise the tube ijecomes free, except where the vitelline veins pass to it fixim flie 
yolk sac, a lateral attachment to the body wall being here subsequently formed on 
each side {mesocardittm lateraU of Kolliker). After it is thns formed, the heart ia 
for a time median in position and synunetrical (fig. 164, A), bnt already in the 
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mammal shows distinct indications of division into its several parte ; indeed, these 
parte are apparent even while the two tubes are still distinct, as tiie accompanying 
sketches of the rabbit's heart clearly show (fig, 159), The heart does not, however, 

Fig, 162.— TaAirBVERSKBKCnONTnRODGH 7 




y. (KoUikw.) 

]}, jugular veina ; ao, tlescenijing sorts; 
pk, pharynx ; hp, epiblast o(bo,ly-w8ll ; 
ih, endotbelial lining of the sliU divided 
heart; oA, outer wall of the heart; p, pert- 
eardial ctlom ; df. df, viaceral mpaoblaat 
(aoraalopleure) ; e', prolongatioD of the 
b;pnblsst cf the foiegut uid the ulterior 
will of the pericardial cavil; into the 
partition between ths two halvn-or the 
heart ; U, bilaminar portion of blaatodenn 
forming pro-amnion ; r,cl, ent, its two 
tajen (epiblast oud hypoUaat). 

long retain its symmetrical position. It soon becomes bent upon itself, eo as to 
assume the shape of an 8, the anterior part of the tube bending over to the right and 
the posterior to the left (fig. 164, B). At the same time the posterior, or sino-auricular 




cending aortm ; la, bulboB aortn ; ah, its eitemal wall ; mp, poaterioF meaocarditiiD, uoiting 
to the ventral wall of the pharjni, pft, and here separating the plenropericardial eiElom, 
3 ha]ve>, whiiJi are, however, united on the ventral side of the heart ; tnt, hjpobUat of ;o]k 
la mesoblast ; df, mesoblast of pharynx ; eel, epiblast. 



^g. 164.— OoTLiaiB oi 



(After Rtmak.) Y 



A, embrjo of abc^t S8 to 30 hours ; B. of about 36 to 40 boars ; o, anterior cerebral reaicle ; 
b, prolo- vertebral segmenta ; e, cephalic (old ; 1, 1, vitelline or omphalo-mmeDteric veins entering the 
heart poatenorlr ; 2, their union in the posterior part oI the heart ; 3, the middle part of the tube 
carrespoudiiig to the ventricle ; i (in B) the arterial bulb. 

end of the heart, gradnally comes to lie behind or dorsal to the ventncolar part, 
which arches transversely from left to right, wbere it turns sharply upward (towards 
the head), and terminates in the bulh. The tube is divided by slight constrictions 
into successive portions, viz. : (1) the part formed by the junction of the principal 
veins, sinus venosus ; (2) the auricular part ; (3) the ventricular part ; and (4) the 
aortic bulb. 



188 DEVELOPMENT OF THE HEAKT. 

The einus vmosus may be described as consiating of two lateral enlai^menlB or 
bonis, and of a transverse part coDnectiog these horns. The veins which it at this 
time receives are the umbilical, the Titellioe, and the ducts of Cuvier (formed 




(His.) V 

A. from btfore, Bhowinc extern.il appenmnce of lieart ; H. the Batue nitb the musculu' aubstanoe of 
benn removed showing tbe endoth«IUI tube ; C. froin behind. 

tnn. mandibDJur arch nith maxillar; process ; hy, hjoidean arch ; b.a, bulbna sorte ; v, right 
Tentricle ; Z, left xeiitricl; ; ati, auricular ]>art of henrt ; en., caiuilis aarkularia ; ».r, hom of siduii 
venoKu^ with umbilica] vein (u.r), Euperior vena cava fv.c.t), and vitellina vein entering it ; 
d, diaphragm ; mp, mesocardium poelerius ; I, liver ; b.d, bile doct, 

by the junction of the primitive jugular from the head and the cardinal from 
the trunk). The three veins are nearly symmetrical od the two sides, and enter the 



i.a. 




[w -r| 



Fig. 168.— HsiBTOi 
A, from before ; B, from behind. 

r.v, right ventricle ; Lr, left veatnele ; b.a, butbna aortic ; 
B.e.i, vena caxa superior ; ii,i', umbilical vein ; f.D, vitelline ti 

corresponding hom of tbe BinaB(fig. 166). The siims is at first in free commnni- 
cation with the common anricular cavity, but the junction presently becomes 
narrowed, and the resulting ^nrtme, which eventnally acquires a slit>Iike character. 
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18 found to open from the right horn of the sinos into the right part; of the common 
auricle. The sinus now forms a transversely disposed sac, lying below and behind 
the common auricle, with a larj^r right and a smaller left horn (the latter being 




A, interior of auncle aud Ventricle displayed. 

B, eadotbelul tube. 

a.e, niiriculur canal ; a.!, ar«n inUrpoaita of Hia ; nt, poateiior mesocardium ; r.ou, l.au, right and 
left Buritlea ; Lv, left lentcicle ; r.v, riglit ventricle ; b.a, bulbua aortiv. 

tapered off into the leit dnct of Cuvier) ; in this condition it has been termed by His 
KUcmreum'ens [fig. ICt), B, and fig. 171)- Theumbilicaland vitelline veins soon open 
into it by a common tmnk, which becomes the upper end of the vena cava inferior. 





Fig. 168.— Hk4«t 

A, from before ; B, from bebind. 

5,1, unua venoauB ; l,v, left ventricle ; r.v, rigbt ventricle ; b, bulbiu aoria : no', Gnt aortic arch ; 
oo^', i>econd aortic aich ; r.au, right &uricle ; l.aa, left auricle ; umb r, umbilical vein ; ri-V, vit«lliiie 
vein ; v.e.$, vena cava auperior. 

The shi-like orifice of the sinus in the back of the right auricle is guarded by two 
valve-like folds of the endocardium, which project into the cavity of the anricle fright 
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ri.c, l.t.c, right and left auperior caTK ; pc, (pertnra of pulmonai; Tein ; h.v, hepatic veiiu; d.v, 
ductus veooiiis ; mc, metocacdiuia poeterius. 
The other letters u in Eg. 16S. 




Fig. 170.— SicnoM t: 

(Boni.) 

r.(, l.t, right tud left honii of uam TeceivlDg from above the nspecUve superior venie cavK ; r.a«, 
l.au, right snd lef( anridei; r.i>, 1. n, light auJ left ports of the veDtriclo ; r.r r, l.r.r, right snd left 
valves guaidiug the oriBoe from the right horn of the bidub into the right auricle ; au.v.e, uoe of the 
two endocardial cuahiona which ore beginning to sub-divide the coinmon Buriculo-ventricutu apertD[«, 
The liottfld line encloses the extent of the endncitrdiiil thickening ; «', first septnni superior growing 
down between the auricles und prolonged below bj a thidcentng of eodocanlium. Cloee to this septum 
in the left auricle Is Been the opening of the pulmouarf veiQ ; s.inf, inferior septum at the veutriideB. 



The two saperior cavs, right and left, and the inferior cava are seen 
sinus which is a tronsvenely elongated sac cummniucating ooly lij a i 
auricle. 



'iWEIKS, mUMnED. (His.) 

opening separalelj into the 
arrow orifice with the right 



DEVELOPMiiNT OF THE HEART. 



UL 



and left venous valves) (fig, 1 70, r.t-.v-, l.v.v.). These pass above into a mnscnlar fold 
of the auricalar nail, which extends over the roof of the auricle heart parallel to the 
septum atrtorum, and is known as the septum spurium {fig. 17.t, B).i It disappeare at 
length, probably by uniting with the septum atriorum. Subsequently the venous orifice 
opens out, and the right horn of the sinus, which is now seen to receive all the great 
veins except the left duct of Cuvier, becomes gradually incorporated with the cavity 
of the auricle. The transverse part of the ainus and its left horn arc continuous 
with the left duct of Cuvier (fig. 171), and eventually the transverse part forms the 
coronary sinus. From the right venous valve the Eustachian valve is formed, and 
tlic development of the Thebesian voire is also coiinected with its lower end 
(Schmidt). The left venous valve disappears. 

The transversely placed ventricular part of the heart receives at first at its left 
end the orifice of the common auricle, which opens into its posterior wall (fig. 




au.r.c (in A and B), auricula- veatricular spertnre, partially Jivided into (wo by endocardial cnahions ; 
r.ou.v. l.av.v, right and left aurkulo* ventricular apertures nhich hare resulted from the dWiaionof the 
common aperture ; r.v, l.v, right and left ventricles ; b, bulbua aorta, replaced in C, by p.a and a.o, 
pulmonary artery and aorta ; t.b, septnin buibi ; i, in/, septum inferius rentricnlonim ; o (in A), orifice 
betveen the two ventricles. 

172, A, a.i:r.). At its right end it turns sharply upwards into the aortic bnlb, into 
which it gradually tapers, although there is at a certain point a constriction of the 
endothelial tube, where the semilunar valves are subsequently formed {/return Hail^). 
Soon the right and left halves of the ventricle are separated externally by s 
groove which extends from below, partially encircling the tube (fig. 169). If the 
interior of the beArt is examined at this sti^e, it is seen that a muscular septum, 
corresponding internally to this groove, is growing upwards and backwards from 
the antero-inferior part of the tube, and is gradcally separating it into two parts, 
which become the right and left ventricles respectively (fig. 170, s.inf). This 
Beptum {septum inferius of His) is placed obliquely to the long axis of the tube, 
and eitends eventually nearly to the level of the aurioulo-veutricular orifice, which 
has by this time become shifted along the posterior wall of the tube, so as to open 
into it about its middle instead of at the right end, as was previously the case 
(fig, 172, B). The septum of the ventricles remains incomplete for some time, 
a communication between the two ventricles being maintained above it. Even- 
tnalty the septum inferius unites with prolongations, (1) from the endocardial 
cuBbious which divide the common anriculo-ventricular orifice into right and left 
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orifices ; (2) from the endo-cardial aortic septum, which divides the bulb into aorta 
and pulmonary artery. Thus the septum of the ventricles is completed by endo- 
cardial connective tissue, a fact which is indicated even in the adult heart by the 
existence of the thin septum membranaceum which forms the uppermost part of 
the inter- ventricular septum. 

The common auricle in the meantime becomes shifted relatively upwards over 
the back of the ventricles, carrying the sinus along with it, bub it still lies behind 
rather than over the ventricles, and the aperture of communication passes from 
behind forwards, from the left part of the auricle into the corresponding half of the 
ventricle. This constricted aperture soon becomes elongated into a short canal, 
which is known as the auricular canal. Its orifice into the ventricle is from the 
first somewhat flattened, and bounded by two lips, an upper and a lower. As deve- 
lopment proceeds, it broadens out towards the median plane of the ventricular tube, 
and becomes gradually shifted, first towards, and eventually over the line of constric- 
tion which marks off the future right and left ventricles fbom one another (fig. 172). 
The ventricular septum has by this time extended almost up to the transversely 
elongated slit-like orifice, and its lips, still upper and lower in relative position, 
become greatly thickened by the formation of cushions of endocardium, which grow 
towards one another in the middle of the slit, and presently fuse into a median 
thickening which converts the single M-shaped aperture into two triangular 
openings, leading one into each ventricle (fig. 172, C). Meanwhile, the septum of 
the ventricles growing towards the base abuts against, and at length comes into direct 
continuity with the fused endocardial cushions, but this connection is nearer to the 
right than to the left auriculo-ventricular aperture.^ Thei-e is still, as above stated, 
a small orifice of direct communication between the left and right ventricles above 
the freeedge of the ventricular septum, and this is not closed until the descent of the 
septum of the bulb, and its union with the septum of the ventricles, completes the 
interventricular septum. 

The above account of the division of the auricular canal is based upon that given 
by Born for the rabbit, and in some respects differs from the description which was 
given by His from an examination of human embryocs. According to His, the endo- 
cardial cushions, which by their union subdivide the auricular canal, are preceded by 
and connected with a growth of endocardial tissue, which springs from the posterior 
auricular wall, and they together form a septal prolongation {septum intermedium)^ 
which projects like a stopper into the auricular canal, and divides the latter into the 
two auriculo-ventricnliir orifices, and also grows down beyond that canal to meet the 
uprising ventricular septum (fig. 173). The shortening of this canal is in part effected 
by a kind of intussusception which takes place, and which causes its wall to be 
folded into the ventricular cavity ; these folds, with probably some thickening of 
endocardium, form the bases of the lateral flaps of the auriculo-ventricular valves 
(fig. 175). The bases of the mesial or septal flaps are formed by a downward growth 
of the edges of the endocardial septum between the two orifices. Both lateral and 
mesial flaps become continuous with the spongy muscular substance which at this 
time occupies most of the cavity of the ventricles (fig. 176). As development 
proceeds, the flaps, which are at first thick and soft, become thin and membranous, 
and become free from muscular substance except near their free edges. These 
muscular bands become tendinous near their insertion into the valves, and thus form 
the chordcB toidinecc ; the parts which arc not thus transformed become the papillary 
muscles. 

The septum of the auricles appears at the upper and back part of the auricular 

' Hence the right auriculo-ventricular orifice lies close to the yentricular septum, but the left orifice 
is separated from it by an iuterTal, into which the root of the aorta becomes continued (Bom), 



DEVELOPHEKT OF THE HEAAT. 



143 



cavity, where its Bitaation is externally marked by a groove. The tree edge of this 
septum grows forwards and downwards, and the Heptnm (fig. 170, s') gi-adaaUy 
separates the anricular cavity into a right and left half, the separation being com- 
pleted by the junction of its free edge, which shows a distinct endocardial thickening, 
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Pig. 173.— Two MA0E8 m 

MBRTO. (UU.) 

In A the Beptnm is represented ns growing from a triangular area ti 
orifice ; in It iC has cNilcBceJ with the endocudiiil cushioDs, and li 

r.a, l.a, right and left anricle ; r.v, l.v, right snit left ventricle ; f.r, sinoa Tonosnl ; Eu.x, Enstachian 
valve ; i.tp~ septum apuriuin ; i.i, Beptam Buperior ; t.inf, Eeptum inferior ; i.t, acptuin iatermeilium ; 
«.«.(, Tena cuta luperioT ilextr^ 
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with the fused cushion-like thickenings which are subdividing the common auricnlaE 
orifice. But before the originally free communication between the two auricles is thus 
closed, a new aperture makes its appearance above and at the back of this septum^ 
and gradually enlarges, so that a passage is thus re-established, but in a different 
situation. This new orifice is the foramen ovale. It becomes closed by a second 
septum, which also starts firom the superior auricular wall, a little to the right of the 
original attachment of the first septum, and gradually grows forwards and downwards 
over the orifice. This second septum becomes the limbus Vieussenii, the first one 
forms the so-called valve of the foramen ovale (Born). 

According to His* aoconnt of the process in the human embryo, the septum atriorum is 
formed by an anterior, or lower, and a posterior, or upper, sickle-shaped projection, which between 
them enclose the foramen ovale, and form respectively the limbus Vieussenii and the valve of 
the foramen ovale ; the connective tissue growth which he describes as growing from the 
posterior auricular wall towards the auricolo-ventricular orifice takes an important part in 
the formation of the lower septal projection (septum intermedium). There is reason, how- 
ever, to believe that the process, as above described by Bom for the rabbit, is materially the 
same in aU the higher vertebrates, including man, and that the successive growth of both 
septa from the upper and posterior auricular wall was not noticed by His on account of the 
lack of a series of human embryos sufficiently complete to show all the stages of growth. 

Somewhat late in the course of development (after the appearance of the auricular 
septum), the pulmonary veins are seen entering the left auricle. Before reaching the 
auricle they have united to form a single vessel, and this opens into the auricle near 
the septum (^g. 170, p.v,). In some animals, as the rabbit, this represents the 
permanent mode of termination of the pulmonary veins, but in man the right and 
left veins come to open separately into the auricular cavity, either by division of the 
common trunk (His), or by opening out of the common trunk, and its absolution 
into the auricle in the same way as the right horn of the venous sinus is absorbed 
into the right auricle (Born). The two resulting vessels may again divide, so that 
four pulmonary veins ultimately terminate in the left auricle. 

The aortic bulb becomes subdivided into two vessels, the ascending aorta and 
the pulmonary artery. The division is produced by a septum which arises as two 
longitudinal thickenings of the lining membrane (endocardium). These grow from 
opposite sides, and gradually meeting, fuse together in the middle of the bulb. The 
folds take an oblique course down the bulb, for above they are anterior and posterior, 
but below are right and left, hence the resulting vessels after separation are anterior 
and posterior below and right and left above. The endocardial thickenings extend 
somewhat below the origin of the bulb, and unite with one another and with the 
septum of the ventricles, which they complete, and of which they form the mem- 
branous part. The ventricular part of the heart is now completely divided into two, 
each communicating with the corresponding division of the arterial bulb. There are 
at first no semilunar valves, the soft thickened endocardial tissue of the bulb appear- 
ing to exercise a sort of valvular action. The valves are formed as three projec- 
tions of this tissue at the base of each vessel, at first thick and soft, but subsequently 
becoming thinner and membranous. The common aortic trunk haa four such 
thickenings at the lower end, and the septum of the bulb as it descends is prolonged 
into the right and left of these, so that the dumb-bell-shaped orifice is divided into 
fwo triangular apertures, the bulging sides of which are formed by the endocardial 
cushions and become developed into the semilunar valves (fig. 174). 

The aortic septum begins between the fourth and fifth aortic arches, and is so dis- 
posed, that the fourth arch continues the aortic half of the bulb, the fifth the pul- 
monary half. After thd completion of the septum, an external groove makes its 
appearance along the line of the endocardial thickenings, and deepening gradually, 
sputa the bulb into two separate vessels. 
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(After flcgenUmr uid Hia. ) 
A, nndlTided trunctu ( 
with four ODdoMrdi&l cuBbiona B 
adrajico of the two lateral cuah ona 
resultiDg in the division of the ioinea 
C, projeetioa of thne endocard dl 
eaahioDB in each part ; D, the Bepara 
tioo into aortft ancl palmonaiy trunkH 
completed. 



Fig. 175. — Sbctiokb 



(H») 

A. from ao embryo of 5 or 6 weeks 
K. r, right aoricle ; L. V, left aun 
cle ; S.r.d, right born of sinus r i 
left bom of sinus ; V.E, Buslachian 
Tslre ; i.int, septnin superior anil 
endocardial cushion (septum intenue- 
dinm, Hie) ; i.inf, septum inferius 
Tentriculoruio. Thii septum, si well 
la the balk of the Tentricte, is s mos- 
eular sponge iit Uiis stage. Oe, o^so- 
phagns ; Br, broDcbus. 

B, from a somenhat more advanced 
embryo. Ad, Ai, right sni) left 
uricJe ; 0(t, auriculo-Tentricular 
apertures ; S.t, sBptnm superior of 
iDri<:lea ; S.il, endocardial cushion 
(septum intenneilinm) ; SAf, septam 
mfenus ventncnlorum now denser 
and more musnular Vpp pert 
cardial atlachnient 



Distinct miiBCular tiBsae ib 
seen in the cardiac wall, even 
aa early as the Btage of an 
S-shaped tube, althongh the 
heart begma U> pulsate re^ 
larly long before this. The 
muscular layer is separated 
from the epithelial lining of 
the cavities (endothelial tube 
of His) by a layer of clear 
gelstmons tis8Ue,bndo;ed across 
by fine fibres (embryonic con ' 
nective tissue) Ihis layens 
most abundant in the vcntn 
cular part and aortic bulb and 
here the endothelial tube is 
consequently much smaller 
than the muRcnlar tube Sub 
seqnently in the ventricle the 
gebtinous tissQC is mi aded by 
mtucnlar bands which grow 
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into it from the compact outer layer of moscle, and nnite with one another to form 
a Bpongework of mnscalar trabeculse, while the endothelium of the cavity becomes 
depressed between and over these trabeculse, and lines all the spaces between them, 
which thus communicate with the cavity of the ventricle. The ventricles are therefore 
now in the same condition in which they are found permanently in many of the 
lower vertebrates (e.g. frog). 

Ultimately the compact outer layer of muscle becomes greatly increased in thick- 
ness, and the spongework of trabecidas occupies a relatively much smaller portion of 
the cavity, beiug developed in part into the columnse camese of the adult heart. 

Peculiarities of the total heart. — Besides the peculiarities of structore, 
which have been above described, the foetal heart differs in position, in relative size, 
and in the thickness of its several parts, from the organ after birth. Thus it is at 
first placed immediately under the head, but subsequently, with the development of 
the neck, it gradually assumes a position farther back. In early foetal life it is 
much larger in proportion to the size of the body than at a later period, and at birth 
it is still proportionally large. The walls of both ventricles are of equal thickness 
during foetal life, a peculiarity which is evidently connected with the fact that in 
consequence of the communication of the pulmonary artery, through the ductus 
arteriosus, with the aorta, the blood pressure which ttiey have to overcome is the 
same. 



DXYBIiOFMnNT OF THX FRINOIPAIi ABTBBDBa 

From the point of insertion of the aortic bulb into the ventral wall of the foregat, 
first one, and then in succession four other arterial arches^ become formed, and pass 
on either side, one into each visceral arch. Half encircling this part of the 
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Fig. 176— niAGBAMMATIO OUT- 
LINKS OF THE HBART AlTD PRI- 
MITIYB VESSELS OF THE BKBKTO 
CHICK AS SEEN FROH BELOW AND 
ENLARQED. (A. T.) 

A, soon after the first establish- 
ment of the circulation ; B, C, at 
a somewhat later period ; 1,1, 
the veins retnming from the vas- 
cular area ; 2, 3, 4, the hearty 
now in the form of a notched 
tube ; 5, 5 (upper), the two primi- 
tive aortic arches ; 5, 5 (lower), 
the primitive double aorta ; a, the 
single or united aorta ; 5', 5\ the 
continuation of the double aortce 
beyond the origin of the fairge 
orophalo-mesenteric arteries, 6, 6. 
The division above 4 is repre- 
sented as carried rather too far 
down. 



alimentary canal, they are continued above it into two descending or prmitwe aorU^. 
These two vessels run down the trunk on either side of the notochord, yielding, as 
they descend, lateral offsets to the body walls and to the yolk sac. Finally they give 
oflP, at the lower or posterior extremity, two large vessels, which accompany the 
allantois, and furnish blood to the foet^ part of the placenta {umbilical or aUanUnc 
arteries). 

The primitive aortse do not long remain double. As was first shown by means 
of Ecctions by Allen Thomson, they unite in the middle line, the union banning 
in the dorsal region and extending forwards and backwards ; in the latter direction 
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even beyond the on'^a of the allantoic arterieB, the middle Bacral aiterj being iu 
fact the extremitj of the aorta. 

OccauonaUy the union remainB incomplete, a mediui septQin being Bometimea found as a 
m&UormAtioii of the descending' norta. 

The common iliaca ute formed by perairtence of the root* of the allantoic arteries ; when 
Uie lower limbs are formed the; give off to these the external iUaca. 

Since their diacoverj by Bathke in IS25. the arterial arches have been reearded with 
mnch interest as corregponding with those from which the blood-vessels of the gills m 
fishes and amphibia are derived. Along with the (aabdivided) aortic bulb they give rise, by 
variotu transformations, to the permanent pulmonary and aortic stems and the principal vessels 
which spring from them. Most of what is known regarding the mode of their traniiformatiOD 
in different animals is due to the researches of Rathke. In the human embryo the subject 
has been recently investigated by Hie, whose account will be here mainly followed. 
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Vlf. 177.— Pnorn,B Yww o» i i 

Two arterial arches are formed at this stage. 

Fig. 178.— S;aiu.ii visw o» a bohewhat oldir ikbkio, showimo wm amiiial arcSw. 
1, 2, 3, 4, 5, are opposite the respective secDndary cerebral vesicles ; from tbe side uf the fore-brain 
the primary optic vesicle is seen projecting ; ol, otic veaicle, stiJI open in 177 ; p.r, septum between 
moDth and pharysi (primitive velum). This has disappeared in ITS ; I, commencing tiver in seiituni 
trsDSversum : v, vitelline stalk ; ail, allsatois enclosed within stalk ; j.v, jugular vein ; c.e, csrilinal 
vein ; t.r, sinus venoaaa within septum trangveraom ; u.a, left umbilical (allantoic) artery ; u.v, left 
umhiJical vein. The sharp curve of tbe trunk of tba embryo towards the yolk-sac is normal at Uiis period 
of devolopioent. 

From the point of insertion of the aorlic bulb the arterial arches have a radial 
dispoaition as they pass into their respective visceral arches (fig. IHI). They at first 
efl'ect, as above stated, a complete communication between the aortic bulb and the 
descending aorta, but subsequently in most cases the communication becomeg 
obliterated, and the completeness of tbe vascular arch is thus obscured, the only 
arches which in nnnnmalH remain pervious through their whole extent up to the 
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time of birth being the fourth and fifth arches of the left side, which form the ateh 

of the aorta and the ductus arteriosus respectiyely. This obtiteration begios early 
in the first aud aecoad arches, so that iu manj aainials b; the time the poeterior 
arches are formed the anterior are partially obliterated ; but in man this is not the 
case, all five pairs of arches being present and folly peiTious for a certain time (figa. 
178, 179, from His). 

As development proceeds, the point of insertion of the aortic bnlb, which ia at 
fiist opposite the fiist arterial arch, becomes, along with the rest of the heart. 




IB. (His.) 
mr, maxilluy prooesa ; inn, mandibalu- areh ; 
4.0, duct of Carier; j.v, JDguUr Tein; t.v, cuilinal 
vein; v. n, Titelline lein ; u.v, umbilical tcid ; u.o, 
umbilical arUrj ; all, alUntaiB ; pi. plkcenUl at- 
tachmeut of allnntoic Btalk ; elf, oUtctoiy deprea- 

relatively ehitted backwards, and on each 
side the arterial arches presently appear to 
come off from the buib in two sets, viz. : 
the first and second from an ascending 
trunk, afterwards the external carotid, and 
the third, fourth, and fifth from a descend- 
ing tmnk. 

,As the point of insertion is still further 
shifted, the third arch becomes added to 
the ascending trunk, the lower part of 
which now forms the common carotid. 
Finally, by a continuance of the same 
process, the fourth arch on each side comes 
to spring from the ascending trunk : that 
of tiie right side forming the innominate 
artery, that of the left the arch of the 
aorta ; and only the fifth arch, from which 
the pulmonary arteries spring, has for a 
time a descending direction. 

From the dorsal part of the first arch a 
branch passes towards the brain — this 
becomes the npper part of the internal 
. carotid. When the first and second arches 
become obliterated— a change which next 
occurs — this branch remains in continuity 
with the third arch 1^ the nnobliterated dorsal portions of the first and second 
arcbes (upper extremity of primitive aortie) ; these portions, together with the third 
arch, form the lower part of the internal carotid, the posterior communication 
between the third and fourth arch becoming obliterated. The branches of the 
external carotid are produced from the remains (ventral) of the firat and second 
arches ; the maxillary and temporal arteries from the first, the lingual and ascending 
pharyngeal arteries, and probably also the occipital and auricular, from the anterior 
part of the second arch. 

The division of the bulb into aortic and pulmonary trunks begins just at the 
time when the extremity of the aortic bulb has become shifted backward so as 



DBVELOPMENT OF THE PRINCIPAL ART^Rlt^ 149 

to be of^Misite the point of jnnciioa between the foanfa «n<i Gfih |uirs of urhcs, $l^ 
that Qow all tbe arch«s abore this point beccune separated off iu comiexiou viih ibe 
trunk of the aona (asoending a>>ra) ; the cme below it lemainiog in tianaexhM viih 




Kk.180.- 

AM.VWKS. (His.) 

1, 2, 3, i, 5. the Becondiij cerebral vesicles : Ayp, bypophysjn ; trf, otic viaicio : «n, inMiilihulBr 
anb ; ^. lung nidimeiiC : >t, Etomocb ; n'd, WoIIBbd duet opening into cIovh ; /. //, ///, />', K, 
tbe utehftl arches epringiag froir. b,a, bulbiu urterioeuB ; p, pulmoou; uten- : d.C, duct of Cuvior. 

the pulmonary tmnk. After the Beparation, the aortic bulb, now a double tube, 
becomes still further shifted back, and with it tbe fourth and fifth arches. Siuce 



BDL>. (His.) 

00. point of attachment of aortjc bulb in tbe uilcriar 
wall of the pharjni ; mn, hy, br', br', first four viweral 
arches ; /, II, HI, IV, tbe corresponding arterial 
archea ; 7, Gftb arterial atcb giving off tbe pulmoaar; 

the inferior luryi^eal nerve passes under the 
latter, this nerve must also become shifted 
downwards along with these arches. To 
allow for this ahlftinft of the bulb, the 
common carotids become proportionally 




From the descending primitive aorta on either side a series of intcr-scKmental 
arteries pass ; the uppermost of theae become united to form the vertebral arteries 
(which subsequently unite superiorly in the middle line to produce the batilar), tbe 
lower form intercoatal arteries. A braocb for the upper extremity comes off from 
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the commencemeDt of the vertebral ; it BUbseqiiently far exceeds the parent vessel 
in size, and forms the anbclavian, this name being extended to what was originally 
the commencement of the vertebral from the descending aorta. 

Dttstiiutiou of the fborth and fifth arob«. — As was above stated, the 
aortic trunk, cuunected below with the left ventricle, is connected above with the 
four superior arches, which spring from its two ascending rami ; of these rami the 
right is much the smaller, and its root forms the innominate ; the root of the left, 
which is much larger, represents the part of the arch of the aorta between the 

Fig. 182 — DiiOBia to saom 




the file «xterial uche> spring- 
ing from it are Tcpreaented in 
oDtliae on]]', the pennwieDt 
Teuela in colours — those be- 
longing to th« aortic srstam 
red, to the pulmonu; sTitem 



innominate and the left 
common carotid. On the 
right side the proximal 
part of the foarth 
arch remains, and forms 
the common Bubclavio- 
vcrtebml trunk ; on the 
left side the whole arch 
persists and forma the 
remainder of the arch of 
the aorta. 

The fifth arch of the 
right side only peraisbs 
as far ae the origin of 
the branch to the right 
lung, the remainder of 
the arch disappears. The fifth arch of the left side persists throughout its whole 
length dnring ftetal life, and joins the fourth arch hb the ductus arteriosus. After 
birth, the part of the arch heyond the branch to the corresponding lung becomes 
impervious on this side also, and is converted into the ligamenlum arteriosum. 

The upper part of the descending primitive aorta disappears entirely on the 
right side ; that of the left side forma the commencement of the permanent 
descending aorta, 

Bathke deecribed Uoth palmonary art«r{eB as beiuR given off from the fifth left arch in 
nnuumals. although admitting that in birds and reptiles each is formed from the cornsponding 
arch. In birds the permanftnt aortic arch ia the fourth arch of the right aide, and not of the 
left aide as in mammals, and in reptiles both aortic arches remain pervious. 

Man; of the abnormalities which are observed in the diapo<Jtioii of these arteries, ma; be 
explained b; le^arding them ne a persistence of embryonic conditions. 

The development of the arterial arches of the biid has been recently again examined bj 
Hackay, n'bo»e account differs in important particulars from that of Bathke, and indeed of 
nearly all previous investigators. He describes the subclavian arttry as arising from the third 
arch, not from the fourth (this was aliio given as its origin by Sabatier), springing from the 
vrntcclpurtof the arch, and running outwards superficial to the pneumogaatric nerve and jugular 
rein. The third arch and Its dorral upward prolongation, foim the common carotid, not tho 
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internal carotid, as stated by Rathke, and the ventral prolongation of the tranons arteriosus 
forms, not the external carotid, but a small branch from the subclayian, or innominate 
artery, to the front of the trachea. These observations have not been as yet extended to 
maihmals. 

Zimmermann has described, both in the rabbit and in the human embryo, an arterial arch 
between the aortic and pulmonary arches. If this is of cpnstant occurrence it must be 
reckoned as the fifth arch, and the pulmonary will become the sixth. 

The histogenetic changes involyed in the development of the blood-vessels are described in 
the chapter on Histology. 

The first vessels appear, as has been already stated, in the mesoblast of the vascular area ; 
the lamina of mesoblast in which they are formed is sometimes distinguished as the vascular 
lamina. They are said (by His and others) to grow inwards from the vascular area, but the 
manner in which the principal arteries and veins of the body are first developed is not dear, 
beyond the fact that they are at first merely endothelial tubes. The muscular tissue of the 
primitive aorte is derived from the lower part of the proto-vertebra (£. Miiller). 

DSVXIiOPBOBNT OF THS FBINOXPAIi VBZN& 

In this subject also the description given by His of the condition and changes 
of the veins in the haman embryo will be folio wed, although it differs in certain 
particulars from that which has usually been received. 

In the early embryo, before the development of the allantois, two vUellimor 
omphalo-meseraic veinsy right and left, bring back the blood from the vascular area 
upon the yolk sac, and unite to form a common trunk, which is continued as the 
sinus venosus into the auricular extremity of the rudimentary heart. 

At the commencement of the placental or allantoic circulation (fourth week in 
man) two umbilical veins are seen coming from the placenta and opening into the 
sinus near the vitelline veins (fig. 168). Into this also opens on either side a 
transverse vein, the duct of Guvi&r or superior vena cava, which is formed by the junc- 
tion of the primitive jugular vein, bringing blood from the head, and the cardinal 
vein, which returns the blood from the Wolffian bodies, the vertebral column and 
the body walls (figs. 179, 180). The trunk or sinus into which aU these veins pour 
their blood is now transversely disposed, immediately below the diaphragm, and 
forms the saccus reuniens of His, which has been already alluded to (p. 139). 

The vitelline or omphalomeseraic veins enter the abdomen along the vitelline 
duct and ascend at first along the front of the alimentary canal, but higher up they 
are seen on either side of that tube (duodenum and stomach). Here transverse 
communications form between the two veins, two in front of and one behind the 
duodenum, so that this is encircled by two vascular rings (figs. 180, 183). Above 
these venous circles the direct communication with the sinus becomes lost, the inter- 
mediate venous vessel or either side becoming broken up within the substance of the 
liver (which has by this time developed around them) into a vascular network, the 
middle part of which becomes capillary. 

The vessels which pass from the upper venous ring to the capillary network are 
known as 'vence advehentes, they become the branches of the portal vein ; those 
which pass from it into the sinus are the vence revehentes, they become the hepatic 
veins. 

The lower communication between the vitelline veins takes the form of a com- 
plete longitudinal fusion of the two vessels, at least for some distance. This fused 
part receives veins from the intestine and stomach, and becomes the commencement 
of the portal vein. 

The umbilical veins are for a long time double within the abdomen, although 
they have fused within the umbilical cord into a single trunk. They diverge from 
this and pass up to the sinus on either side in the somatopleure, just where this is 
becoming bent round into the amnion. After a time, however, it is found that this 
direct communication with the sinus is partially interrupted by the development of a 
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vascular network, and that on the left side a fresh commanication has become eata- 
blished with the upper venous circle of the vitelline veins. The interruption subse- 
quently becomes complete on both aides (fig. 183), and on the right side the greater 

Pig. 183. — Vekoos trdnes or a Bnun bhbbio or 

IBOCT THBIE-UD-A-HALr WIIICS. (HU.) 

v.c.d, v.c.f, saperior tcde cstk, right and left ; 
1'.^', v.e, ptimitirB jugular had cardinal vein ; 
v.v-d^ I'.u.i, nmbilicoJ veinBi right and left ; T.v'^ 
c.u", upper deUched portiona of umbilical Teiiu ; 
r.r.om, omphalomeseraic or Titelline reioa foTming 
the vena pnrtn. The permaneiit reins are colDiired 
bla«. 

part of the vein becomes atrophied (on 
both sides the part which originally opened 
into the sinus reuniens remains evident 
for a time). The left vein, on the other 
hand, increases in bulk with the develop- 
ment of the placental circnlation. For a 
short time the whole of its blood, as well 
as that of the vitelline vein, passes through 
the capillaries of the liver. But a branch 
nous circle direct into the right hepatic 
This forms the ductus venosus or verta 
aacendens, and it now carries most of the hlood of the umbilical vein direct to the 
heart. Subsequently the direct oommnnication of the left hepatic vein with the 




I soou seen passing from the upper 
vein, near its entrance into the siiius. 




a. the umbilii^l vein, lying in the umbilical 
tisBure, and turning to the right side, at the tiBaa- 
veree fissure (o), to join the lena pcrtu [p); d, the 
ductus venoeus. continoiDg straight on to join the 
vena eara inferioi {c) ; some branches of the umbili* 
cal .vein piss from a into the eubetonce of the liver ; 
'J, the gall-bladder, cut, 

sinus becomes obliterated, and a new com- 
munication becomes established with the 
ductus venosus ; and, finally, when, with 
the growth of the lower limbs and of the 
other abdominal and pelvic organs, the inferior vena cava becomes developed, this 
also joins the upper end of the ductus venosus. 

The lower part of the portal vein is formed, as we have seen, by the united 
vitelline veins. The upper part is formed aa a single trunk out of the double venous 
annulus by atrophy of the right half of the lower ring and the left half of the upper 
(fig. 183). The spiral turn aronad the duodenum is thus produced, and thus it is 
also that the portal vein at first appears more directly connected with the right venn 
advebentes than with the left. 

Most of these embryonic veins are at first of relatively large size and have an 
irregalar ainus-like character, which disappears at a later sts^e of development. 

At the time of commencement of the placental circulation, two short transverae 
venous trunks, the dwts of Cuvier, open, as has been above stated, one on each aide, 
into the auricle of the heart. Each is formed by the union of a superior and an 
inferior vein, named req>ectively thz prtmilive jutjvlar and the cardinal. 
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The primitife juffular vein receives the blood from the cranial caiity by channeb 
in front of the ear, which are Hobsequently obliterated : in the greater part of its 
esteot it becomea the external jugular vein ; and near its lower end it receives small 
branches, which grow to be the internal jngular and aubclavian veins {fig. ma). 
The cardinal veins are the primitive veBselis which return the blood from the 
Wolffian bodies, the vertebral colamn, and the parietes of tbe trunk. The inferior 
vena cava is a vessel of later development, which opens into the trunk of the 
Dmbilical and vitelline veins, above the vense heputicee revehentes. The iliac veins, 

Pig. 185. DlAQHAH OF THi: OOKDITIOK Ot 

pmiiiFi»r TUNS. (After Kblliker, ) 
j, jugular veins uniting with the sai^cla- 
Tiu, t ; e.a, cardinal veins becoming the 
MIjgOB as in B ; d.c, duct« of Cuiier formed 
fc; tbe nnion in B of juguUr and cardinal, 
and becoming the superior vena cava on the 
light aide, but disuppeanng on the left aide ; 
cHi', part o{ left cardinal rein which disap- 

J^e»™ ; ci, vena cava inferior ; I, hepaUc 

veins and ductus Tcnoeua ; il. common iliac 

"veins ; er, external iliacs ; h, bypogastric 

becoming the internal iliacs. 

which unite to form the inferior 
vena cava, communicate with the 
cardinal veins. The inferior estre- 
mitiefl of the cardinal veins are per- 
sistent as the internal iliac veins. 
Above the iliac veins the cardinal 
veins are obliterated in a consider- 
able part of their couree ; the upper 
portions then become continuous 
with two new vessels, the posterior 
vertebral veins of Rathke, which 
receive the lumbar and intercostal 
twigs. 

As development proceeds, the direction of the ducts of Cnvicr is altered by ine 
descent of the heart from the ccnleal into the thoracic region, and becomes the 
same as that of the primitive jugular veins. A communicating branch makes its 
appearance, directed transversely from the junction of the left subclavian and 
jugular veins, across the middle line to the right jugular ; and further down 
in tbe thoracic region between the posterior vertebral veins, a communicating 
branch passes obliquely across the middle line from right to left. The communi- 
cating branch between the primitive jugular veins is converted into the left brachio- 
cephalic or innominate vein. The portion of vessel between the right subclavian 
vein and the termination of the communicating branch becomes the right brachio- 
cephalic vein. The portion of the primitive jugular vein below the communicating 
vein, together with the right duct of Cuvier, forms the vena cava superior, while 
the cardinal vein opening into it is the extremity of the great vena azygos. On the 
left side, the portion of the primitive jugular vein placed below the communicating 
branch, and the cardinal and posterior vertebral veins, together with the cross 
branch between the two posterior vertebral veins, are converted into the left 
superior intercostal and left superior and inferior azygos veins. The variability 
in the adolt arrangement of these vessels depends on the different extent to which 
the originally continuous vessels are developed or atrophied at one Doint or anotber. 
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The left duct of Cuvier is obliterated. But even in the adult, traces of this veaael 
can always be recognised in the form of a fibrous band, or sometimes a narrow vein, 
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Fig. 186.— A and B.— DiAOBAimiTio outukm or the vkstiok op thb lbft bdpkhior cava UDor 
A CASE OF m rKEBisTKKcK. (Sketched aflerHuiJiatL) j. 

The views are Buppoe«d to be from before, the parts of the heart beipg removed or seen tLrougb. 

1, 1', intci-na? jugular veins ; 2, £', suttclaTian veins ; S, right innominate ; 3', right or reguUr 
superior cava ; i, left innominale, normal in A, rudimentary in B ; 5, in A, the opening of tbe superior 
inlci-costal vein into the innominate ; 5', vestige of the left superior cava or duct of Cuvier ; 5, 5', in B, 
the left vena cava superior abnormally persietent ; 6, coronary tinus ; 6', coronary veina ; 7, auperior 
intercostal trunk of the left side (left cardinal veiii) ; 8, the principal aiygos (right onlina! vein) ; 
7', 8', some of the upper intercoslal veins ; 9, the opening of the inferior vena cava, with the Kustachian 

which descends obliquely over the left auricle ; and in front of the root of the left 
lung there remains an indication of its former presence in tbe form of a small fuld 




figure is planned after one of Marshall's. ) 

a, right auricle ; A, left auricle and pulmonat; veins i 
c, the conua arteriosus of the right ventricle : d, the left 
veotricle; e, descending aorta ; +, vestigial fold of the 
pericardium ; /, arcL of the aorta, with a part of the 
pericardium remaining above; 7. main pulmonary artery 
and ductus arteriosus; g', left pulmonary artery ; 1, 1', 
right and left internal jugular veins ; 2, S', subclavian 
veins ; 3, 3', right innominale and superior vena cava ; 
I, left innominale ; 9, 5', remains of the left superior 
cava and duct of Cuvier, passing at -I- in the vestigial 
fold of the pericardium, joining the coronary sinus, 8, 
below, and receiving above the superior intercostal vain, 
7 ; T', T', the upper and lower intercostal vein. 

of the serous membrane of the pericardium, the vestigial fold of Marshall, to whom 
is due the first full elucidation of the nature and relations of the left primitive vena 
cava superior. 

The left duct of Cuvier has been observed persistent ae a small vessel in the 
adult. licss frequently a right and n loft innominate vein open separately into the 
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right auricle, an arraDgeiuent which is also met with in birds and in certain 
mammalB, and which results from the vesselB of the left side being developed 
similarly to those of the right, while the cross branch remains small or absent. 

A case is recorded by Gnibcr in which the left vena azygos opened into the 
coronaiy sinus, and was met by a small vein descending &om the union sf the 
subclavian and jugular. Heic, then, the jugular veins had been developed in the 
usual manner, while the left vena azygoa continued to pour its blood into the duct 
of Cuvier. 



FxcniJAiiiTiaB or teb rcsiAi. obganb aw omcui>ATioii. 

It may be useful here to recapitulate shortly the peculiarities of stmcture 
existing in the advanced stage of the formation of the foBtal organs of circulation, 

Fig. 18S.— DUORAHMATIO OUTLIHE OF TUB 



01 BIX MOiitBS. (Allen ThomBon.) 
BA, right auricle of tbe heart ; RV, rigbt 
Tcntricle ; LA, left aurtcle ; Et, Eustochiui 
Tilre; LV., left ventricle ; L, liver ; K, left 
kidoej ; I, portion of small tDtcstine i a, 
arch of tbe aorta ; a', ita doraal part ; a", 
lower end ; (v>, auperior vena cava ; rci, in- 
ferior vena where it join* the right auricle ; 
rci', ita lower end ; >, eubclavian vessels ; 
J. right jugular 






dotl«d B 




carried through the aortic and pulmonarj 
opening, and the auricula- ventricular oriGces ; 
da, opposite to the one pnasing through the 
pulmouary tiierj, marks tbe place of the 
ductus arteriosus ; a similsr arrow line is 
showD passing from the vena cnva iuferiur 
through the fossa ovnlis of the right auricle, 
and the foroiuen ovale into the left auricle ; 
hv, Ihe hepatic veins ; vp, vena pocls ; x lo 
Eci, the ductns lenosua ; ur, the umbilical 
vein ; tia, umbilical arteries ; uc, umbilical 
coid cut Uioit ; i i', iliac vessels. 

with reference to their influence in 
determining the course of the blood 
during intra-uterine life, and the 
changes which occur in them upon 
the cBtablishmeiit of pulmonary rc- 
Gpiratitm at birth. 

The fonuaeiL orale retains the 
form of a free oval opening in the 
septum atrionim up to the fourth 
month, but in the course of that 
month and the next tbe growth of 
the valvular plate which tills up the 
floor of the fossa ovalis, becomes 
complete, so that in the last three 
and a half months the blood can 
only pass from the right into the Icfl 
auricle, not in a contrary direction. 

Tbe EnstaohuuL valve constitutes a cresccntic fold of the lining structure of 
the heart, which is so situated as to direct the blood entering the auricle by the 
icfcrior cava towards tbe opening of the foramen ovale. 
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The ducttuB arteriosus establishes a commanication between the main 
pulmonary artery and the aorta, by which the blood from the right ventricle is 
carried mainly into the dorsal aorta. 

The two large hypogastric or nmbilical arteries, prolonged firom the iliac 
arteries, passing oat of the body of the foetus, proceed along the umbilical cord, 
to be distributed in the foetal portion of the placenta. From the placenta the blood 
is returned by the nmbilical vein, which, after entering the abdomen, commoni- 
cates by one branch with the portal vein, and is continued by another, named 
ductus venosus, into one of the hepatic veins, through which it joins tiie main stem 
of the vena cava inferior. 

Conrse of the blood in the fodtns. — ^The right auricle of the foetal heart 
receives blood from the two vena cavse and the coronary sinus. The blood brought 
by the superior cava is simply the venous blood returned from the head and upper 
half of the body ; whilst the inferior cava, which is considerably larger than the 
superior, conveys not only the blood from the lower half of the body, but also that 
which is returned from the placenta and the liver. This latter stream of blood 
reaches the vena cava inferior, partly by a direct passage — the ductus venosus — and 
partly by the hepatic veins, which bring to the vena cava inferior all the blood 
circalating through the liver, whether derived from the supply of placental blood 
entering that organ by the umbilical vein, or proceeding from the vena port» or 
hepatic artery. 

The blood of the superior vena cava is believed to pass through the right auricle 
into the right ventricle, whence it is propelled into the trunk of the pulmonary 
artery. A small part is distributed through the branches of that vessel to the lungs, 
and returns by the pulmonary veins to the left auricle ; but, as these vessels remain 
small up to the time of birth, by &r the larger part passes through the ductus 
arteriosus into the descending aorta, and is thence distributed in part to the lower 
half of the body and the viscera, and in part along the umbilical arteries to the 
placenta. From these several organs it is returned by the vena cava inferior, the 
vena portse, and the umbilical vein ; and, as ah*eady noticed, reaches the right 
auricle through the trunk of the inferior cava. 

Of the blood entering the heart by the inferior vena cava, it is supposed that 
only a small part is mingled with that of the superior cava, so as to pass into the 
right ventricle ; by far the larger portion is thought to be directed by the 
Eustachian valve through the foramen ovale into the left auricle, and thence, 
together with the small quantity of blood returned from the lungs by the 
pulmonary veins, to pass into the left ventricle, whence it is sent into the arch 
of the aorta, to be distributed almost entirely to the head and upper limbs. 

Sabatier was the first to call attention particularly to the action of the Eusta- 
chian valve in separating the currents of blood entering the right auricle by the 
superior and inferior vense cavss. This separation, as well as that occurring 
between the currents passing through the aortic arch and the ductus arteriosus 
into the descending aorta, was illustrated experimentally by John Reid. A striking 
confirmation of the extent to which the last mentioned division of the two currents 
of the foetal blood may take place, without disturbance of the circulation up to the 
time of birth, is afforded by the examples of malformation in which a complete ob- 
literation has existed in the aortic trunk immediately before the place of the union 
of the ductus arteriosus with the posterior part of the aortic arch. 

In earlier stages of development than those above described, it is certain -that 
there is little or no separation of the two kinds of blood, for both the umbilical 
veins from the placenta and the veins from the yolk sac and body generally, 
pour their blood together into the sinus venosus, and the mixed blood is then 
forced through a single somewhat narrowed orifice (porta vestibuH of His) into the 
auricle* 
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GHANOSB IN THB OIBOUXiATZOH AT BXBTH. 

The changes which occur iu the organs of circnlation and respiration at birth, 
and which lead to the establishment of their permanent condition, are more 
immediately determined by the iuflation of the Inngs with air in the first 
respiration, the accompanying rapid dilatation of the pulmonary blood-vessels 
with a greater qoantity of blood, and the interruption to the passage of blood 
through the placental circulation. These changes are speedily followed by 
shrinking and obliteration of the ductus arteriosus, and of the hypogastric arteries 
from the iliac trunk to the place of their issue from the body by the umbilical 
cord ; by the cessation of the passage of blood through the foramen ovale, and 
somewhat later by the closure of that foramen, and by the obliteration of the 
umbilical vein as far as its entrance into the liver, and of the ductus venosus behind 
that organ. 

The process of obliteration of the arteries appears to depend at first mainly on 
the contraction of their coats, but this is very soon followed by a considerable 
thickening of their substance, reducing rapidly their internal passage to a narrow 
tube, and leading in a short time to final closure, even although the vessel may not 
present externally any considerable diminution of its diameter. It commences at 
birth, and is perceptible after a few respirations have occurred. It makes rapid 
progress in the first and second days, and by the third or fourth day the passage 
through the umbilical arteries is usually completely interrupted. The ductus 
arteriosus is rarely found open after the eighth or tenth day, and by three weeks 
it has in almost all instances become completely impervious. 

The process of closure in the veins is slower ; but they remain empty of blood 
and collapsed, and by the sixth or seventh day are generally closed. 

Although blood ceases at once to pass through the foramen ovale from the 
moment of birth, or as soon as the left auricle becomes filled with the blood 
returning from the lungs, and the pressure within the two auricles tends to be 
more equalised during their diastole, yet the actual closure of the foramen is more 
tardy than any of the other changes now referred to. It is gradually effected by 
the union of the forepart of the valve of the fossa ovalis with the margin of the 
limbus of Yieusseiis on the left side ; but the crescentic margin is generally perceptible 
in the left auricle as a free border beyond the place of union, and not unfrequently 
the union remains incomplete, so that a probe may be passed through the reduced 
aperture. In many cases a wider aperture remains for more or less of the first year 
of infancy, and in certain instances there is such a failure of the union of the valve 
as to allow of the continued passage of venous blood, especially when the circulation 
is disturbed by over-exertion, from the right to the left auricle, as occurs in the 
malformation attending the morbus coeruleus. 



THB LTlCPBATia BTBTBM. 

The derelopment of the IjmphAtio systein has been studied in the ohiok bj Budge. Here 
there exist a network of lymphatics agreeing in their general distribution with the blood- 
Tessels in the vascalar area. This is the first Ijmphatio oirculation ; a second one is formed 
later, corresponding with the allantoic circnlation. The lymphatics of both systems communi- 
cate with the coelom, but only those of the second circulation communicate with veins. The 
lymphatics lie in the vascular area above and close to the* blood-vessels, but are separated 
near the embryo by a layer of mesoblast continuous with the splanchnopleure. 

The method of development of lymphatic vessels and lymphatic glands, is dealt with in 
the chapter on Histology. 
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DEVELOFMEirF OF THE BEBOUB CAVTFIBS AITB OF THE 

MUSCLES ANJy BKEIiETOir. 

The seroiui oavities — ^peritoneimiy pleurae, pericardium — are derived from the 
original split or cleavage of the mesoblast, which constitutes the ccelom or general 
body cavity (pleuro-peritoneal cavity of older authors). This cleft is formed in the 
head as well as in the trunk, and when the heart is formed as a double tube, each 
half is enclosed within a portion of that cavity, which later on, when the body walls 
bend round and meet to enclose the fore-gut, comes, like the heart itself, to occupy a 
position on the ventral aspect of the alimentary tube. The part of the coelom which 
thus contains the heart is not for some time entirely distinct, but communicates 
dorsally by two comparatively narrow channels with the anterior part of the general 
body cavity, here separated into lateral halves, which ultimately become the pleurae,^ 
by the alimentary canal. Subseqnently these communications become obliterated, 
and the heart-coelom separated as a distinct cavity (pericardial cavity). Below, 
where the great veins enter the heart, they pass into a mass of mesoblastio tissue, 
which is connected with the anterior body wall (where it receives the umbilical 
and vitelline veins), and also with the lateral wall (where it receives the ducts of 
Cuvier), and which, as the heart bends, so that the venous end passes behind the 
ventricle and bulb, is carried along with the veins up behind that organ, and thus 
forms an obliquely placed thick septum, at first incomplete, but subsequently becoming 
entirely closed, which separates the heart within the pericardial part of the body 
cavity in front and above from the stomach and alimentary canal within the peri- 
tonei part of that cavity behind and below. The thick septum, besides containing 
the saccus reuniens and the portions of the great veins (vitelline, umbilical, ducts of 
Cuvier) which open into that cavity, also contains the rudiihents of a part of the 
diaphragm and the mesoblastic part of the liver, into which the hypoblastic part 
grows from the adjacent duodenum ; it has been termed by His the tranwerae septum 
(see figs. 177, 178). As development proceeds, the septum becomes gradually diffe- 
rentiated into its several parts. The great veins become still further shifted behind 
the heart, and the saocus reuniens becomes incorporated with that organ. The 
liver, which is at first contained entirely within the septum, becomes split ofi' from 
its upper layer, which now forms the thin portion of the diaphragm, while the cavity 
of the peritoneum extends from either side, and separates them from one another, 
except along the attachment of the broad Ugaments. 

The diaphragm is completed by a growth of mesoblast which occurs on each 
side, and cuts off the anterio-dorsal portions of the body-cavity into which 
the lungs are invaginated (recessus pulmonales) from the posterior or peritoneal 
part. 

The serous membranes are formed by differentiation of the lining mesoblast of 
the coelom. 

The formation of the omenta, and the changes which the mesenteric folds of 
peritoneum undergo, have been already mentioned in connection with the develop- 
ment of the abdominal viscera. 

Development of the mtuieles. — The muscles of the trunk are formed from 
the protovertebrsB. These are at first, as previously described, separate masses of 
mesoblast, the cells of which have at the periphery of the mass a tendency to a 
radial disposition (fig. 189, A), whilst toward the centre they are loosely arranged, 

> The mannet in which the pleurse are invaginated by the growing lungs has already been alladed to 
(p. 110). 
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and may even leave a more or less distinct space nnoccnpied hy cells (protovertebral 
cavity). This cavity has occasionally beeu noticed (Lockwood, Bonnet) to be 
continaoOB laterally with the meaoblastic (coelomic) cleavage (fig. 189, B ; see also 



Fig. 189.— Two e 




(amnet.) 



A, allows Uie OTity within the proto- 
Tertebne. In B, ttie proloTsrtebn on 
the left Bide of the aeetion b nniled with 
the lateral mcBoblaat ; on the right aide its 
caTityalu ia coDtinnons with the ccelomic 
cleft in that meaoblust. am, ambion ; 
n.e, sennl canitl ; p.v, protovertebra ; 
no, aortA ; p.p, pi earo- peritoneal space 
Mom)- 

fig. 139, p. 117), and it is 
probably the morpholo^cal equi- 
valent of the ccelom in this part 
of the mesoblaat. Wliether there 
be originally a cavity or not in it, 
the protovertebra presently be- 
comes filled up with cells and 
then forms a fiiirly compact mass 
of cells which are mostly irregu- 
larly arranged, bat externally 
(next to the cutaneons epiblast) 
become regularly disposed into 
an epithelium -like plate of co- 
lumnar cells. This ia known as 
the muscle plale, and when the 
inner part of the protovertebra becomes broken up as a distinct mass and joins 
with the neighbouring protovertebne to form the membranous vertebral colnmn 
(see below), the muscle plates still remain distinct : in them therefore the or^nal 

Fig. 190.— TRAKSVBIISK SKCTIO!! 



m.p., rnnide plate ; ao, aorta ; 

vesicle of Wolffian boil;; tc.d.. 
Wolffian doct. 

meaoblastic segmentation 
continues to be exhibited. 
They do not long remain 
as a single epithelium-hke 
layer, for the extremities 
of this layer fold sharply 
round and become continu- 
ous with a cell-stratum, 
which immediately lines the interna, surface of the columnar layer and fonuB an 
inner muscle-plate (fig. 190). It is uncertain whether the cells of this inner mascle- 
plate are derived from part of the columnar layer which has folded over, or whether 
they spring from other cells of the protovertebra. Soon after their appearance as a 
distinct layer of the muscle-plate they begin to elongate in the sagittal (antero- 
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posterior) direction (fig, 191, i.m.), and it may presently be observed that they are 
becoming developed into longitndinal groups or segments of muscle-fibres which 
stretch between the original intervals between the protovertebraB. The destination 
of the ontej- layer of the muscle-plate has not been traced with certainty. Balfonr 



(T. Kboer.) 
'/I, cubLneouH e|iibla»t ; r.w, eitei^ 
nal layer of masclo-plate :/, ilfl iiinr- ' ■ . 

giiu folded round into I'.tn, intumnl . v^, 

lajer of mnscle-plate composed of _ 
flattened cells vhich are beconiiDg 

elongated inUi muscular fibrei ; n.c, . _ __. — "^^^ 

Denial canal, in outline only ; ii'.c', _ - . , 

Denial epibUrt formlDg its walls, -"' _. ~~-. ^ "^"^ 

Between these and the moscle- plate — ~~ 

is a coDtinnons mesobUstic tissne 

which has been derived from tha inner parts oF the protovertebne. partly icternipted by the ganglion 
ludimenlo, gl. The original intervals between the protoiertebne here are ctill indicated bj Teasels, v. 
Ld, clefl in the deeper piotovertebral tissue (acco^iog In Bbaer this is the ranuins of the original 
protovertebral cavity). 

described it as also eventually becoming transformed into muscle-fibres (in elasrao- 
branchs), but others have failed to confirm this opinion, and it is by some believed 
that it may assist in the formation of the cutis vera. 

Althongh the mnscle-plates are originally mainly concerned with the formation 
of the mnscles which move the central skeletal asis, it is probable that all the 
skeletal muscles both of the trunk and limbs arc eventually derived from them (see 
below, p. 163). 

PoTDution of the muaolea of tho head and evldenoaa of heftd ■esmentatton. — 
Althoagh perhape no part of the cmninm actnally represents a vertebra, there is □everthelesa 
abUDdant evidence of an original segmentation of the head corresponding' with tha meeoblastio 
Bomites of the trnnlc Such segmentation is shown by the existence of the visceral arches, 
which in tlie typical and least modified vertebrstes (r.j,, elaiflnobrancha) are at least nine 
in nnmber, by the snccessive separation of tha part of the body cavity which eitenda into 
the head into separate portions, or head cavitiee, one corresponding to each visceral aich, the 
parietes of whiob develop into muscles, and which therefore correspond with the mnscle- 
plates of the protovertebne of the trunk (this is in fact the typical mode of formation of 
mesoblastic somitea, r. page 2ti), and lastly by the mode of development of the cranial 
nerves and their relations to tha visceral and branchial arches, which correspond in a general 
way with the relations of the ventml branches of the spinal nerves to the riba. 

The formation and destination of the head cavities have been investigated of late years 
(chiefly in elasmobrancha, but also in reptiles and birds) by Balfonr. Milnes Marshall, and 
van Wijhe, and the reaolt of these investigations tends to show that, in all, nine portions of 
the original head cavity become separated off on either side, their formation proceeding from 
behind forwards. Each samite cavity becomes subsequently divided into a dorsal part oorre- 
Bponding with the protovertebrtB of the tmnk and a ventral part, corresponding with Uie 
pleoroperitoneal cavity, and lying in the middle of the correspond lug visceral arch ('). BoUi 
parts give rise by differentiation of their parietea to muscles ; tha visceral arch portions to 
the mnscles of the jaw and hyoidean and branchial apparatus : the dorsal portions, some (first. 
second, aad third) to the muscles which move the eye», some (seventh, eighth, and ninth) to 
the mosclea which connect the head with the shoulder ginlle, whilst some, viz.. the fourth, 
fifth, and siztli, are said to disappear. The first head cavity forms the eye muscles, which arc 
supplied by the third nerve ; the second, the muscle supplied by the fourth (superior obliqne) ; 
and the third, the muscle supplied by the Hiitb (eitemal rectus). In higher vertebrates, the 
formation of the head cavities and their Bobsequent destination have not betn as yet clearly 
followed out, although indications of their azistence are not wanting. 

I According to v. WIjhB the intcnnediale pnrt of the typicul somite cavity represents a segmental 
(jriuiferous) organ, bat tfaia internieiliate part ia not seen in the lieaJ, although it LegiDS to n]i[ieitr in 
' ? immediatelv sHoceodinB somites. ,_-— ■"- ■ i .^ 




162 DEVELOPMENT OF THE VERTEBRAL COLUMN. 

Development of the Tertebral colninii.— The vertebral colamn is developed 
around the notochord, except at the anterior end of that structure, which is imbedded 
in the basis cranii. It is formed from protovertebral mesoblast. The outer part of 
each protovertebra is transformed into a muscle-plate, and thus the original meso- 
blastic segmentation is maintained. The inner parts of the protovertebras do not, 
however, remain distinct, but blend with one another on each side of the neural 
canal to form a longitudinal mass, which extends to the side of and subsequently 
encloses the notochord, and finally sends dorsal prolongations over the neural canal, 
so that this also receives a continuous mesoblastic investment, forming the msmbrana 
reuniens superior of Remak. The investment is only incomplete opposite the points 
where the nerve roots are connected with the spinal cord, and in it there is no sign 
of any differentiation into vertebrae. It is continuous with a similar investment 
within the cranium, which extends in front of the notochord into the fronto-nasal 
process. The mass of mesoblast, which thus encloses the notochord and neural 
canal, is often spoken of as the membranous vertebral column and cranium, but it 
represents much more than the cartilaginous and bony structures of those parts, all 
the investing membranes of the cord and brain and the ligaments of the vertebrae 
being also derived from it. From it septa pass between the n^uscle-plates and serve 
to give attachment to the developing muscle-fibres. 

The first appearance of the permanent vertebrae is in the form of cartilage, which 
becomes formed in this mesoblastic investment on either side of the neural canal, 
nearly opposite the interval between each two muscle-plates, to form the neural 
arch. This part of the vertebra therefore alternates with the original mesoblastic 
somites as represented by the muscle-plates. 

According to Proriep, the lateral halves of each cartilaginous neural arch become 
united below the notochord before the appearance of the rudiments of the cartilagi- 
nous bodies, and the latter appear as median accumulations of cartilage, immediately 
posterior to the hypochordal part of the cartilaginous arch. In most of the vertebne 
this hypochordal part of the arch soon disappears as a distinct structure, but in the 
atlas vertebra the primitive condition is maintained. 

The serial arrangement of the musculature represents phylogenetically the original 
segmentation of the vertebrate body. The segmentation of the vertebral column, 
on the other hand, has been arrived at later, and has been carried out in depen- 
dence upon the muscular segmentation.* 

The cartilage makes its appearance on the fourth day in the chick, on the 
eleventh or twelfth day in the rabbit, and in the fourth or fifth week in man 
(KoUiker). It is completed by the sixth or seventh week, soon after which ossifica- 
tion commences. To form the intervertebral discs, the mesoblast between the 
bodies of the vertebrae acquires a fibro-cartilaginous character, while at the same 
time the notochord, which gradually elsewhere becomes reduced in size and eventu- 
ally disappears, here undergoes enlargement, and its cells form an irregular network 
in the central intervertebral pulp. Its remains are found at all periods of life in 
the middle of the discs (Luschka). 

In the osseous fishes there is an intervertebral dilatation of the notochord, the growth of 
which proceeds to such a considerable extent as to give rise to a mass of soft gelatinous 
substance, which occupies the conical hollows of the biconcave vertebral bodies. But in 
birds, reptiles, and amphibia, where synovial articulations are developed between the vertebral 
bodies, the notochord soon disappears from the intervertebral spaces, although its remains are 
seen for some time in the bodies themselves (Gegenbaur). 

In mammals, the notochord is constricted within the cartilaginous vertebral body, but 
dilated in the intermediate parts of this rod, the whole cord being monilif orm. At a somewhat 
later period small dilatations are also to be seen in the epiphysial cartilages (fig. 193). 

I A. Froricp, ** Zar Entwickl. d«r Wirbelsiiule, &c.,*' Atxsbiv f. Anatomie 1883 and 1886. 



Bibs and Stsntitm. — The ribs are formed by separate cartilaginous tranefor- 
mation in exteQaiong of the prolovertebral meaoblast between the muscle-plates. 
According to some, they grow out from the cartilaginous vertebne, but become separate 
before oaaificatioii begins. Similar deposits are formed in connexion with the other 
vertebne (except the coccygeal in mau), but they here become united by ossification 
with and form parts of the vertebrse (see Osteology, Vol. II.). At their ventral 




Pig. 192.— SllTTIOBB ot 

(Fiom KoUiker.) 

A, Ci&DBTecsG loagitudioKl wction of sereral lertebne. 1, 1, chanlu doraalia, iU remaina thicker 
opposite tbo inlecrertebrHl discs ; 2, is placed on one o! tbe boilies of tbe permanent vertebne ; 3, on 
one of tbe interrericbral djses. 

B, tranaverM horiiontal section througb a part of one doraal rertebn. 1, remains of tbe chorda 
donalii in tbe middle oE tbe bod; ; 2, atcb of the vertebra ; S, bead of a rib. 

Fig. 193. — Saqittil section or a doisal tNiKJivEiiTBBftAb l:uamemt op an advanckd 
SBBBP'9 EMBRTO. (Koltiker.) 
La, Lp, anterior and posterior ligaments ; l.i, intervertebral ligament ; {', f. cartilaginone end" of 
two vertebral boliea, u, v/ : c, enlargement of notochord in tbe ligament ; e', c", enlargements in tlic 
oartilaginooB enda of the vertebne. 

extremities the first seven (thoracic) cartilaginous ribs become united on either side 
into a longitudinal cartilaginous plate, and this aftcrwnrds joins its fellcw of the 
opposite side to form the sternum (manubrium and body). The xiphoid ia of later 
formation (Parker). This mode of development of the sternum explains many of 
the malformations in the shape of fissures of the sternum of diiTereiit gradation 
which have been observed. 

T>i« limbs. — The limbs arise as outgrowths from the lateral part of the 
trank in the thoracic and pelvic regions in the third day in the chick and in the 
third and fourth week in the human embryo. They appear as flattened semilunar 
thickenings of tbe parietal mcaoblaat covered by epiblast, budding out from a lateral 
ridge which ia seen in the early embryo near the Hue of cleavage of the mesoblast 
and close to the outer margins of the muscle-plates, and several of which aobseqHently 
send prolongations into each limb('); they are therefore connected with several 
mesoblaatic aomitea, as is also indicated by their nerve supply. 



n elagmobranchs (see fig. 1 



I BaiConr), bnt, according to Fatenian, 



Each limb consUta of a part which is sunk in the eubstance of the lateral ridge, 
and in which the thoracic or pelvic girdle becomes developed, and of e, free or 




Fig. 104. — THAHSVBB9I S 



SCVL 



(Bitlfou 



ip.<, tpinol cord ; tp.j, i,-HDKlion of poalerior root : ar, untcrior root ; dii, ilorul : ip.ii, ventnl 
brancb of Bjiinal nerve ; mp, tuusclfl platd ; mp', yiat oE muscle plate already converted into muscle : 
mp.l, part of muacle plate extending into ths limb ; nl, nermii tsternli^ ; no, aoriA ; cA. Dotocbord ; 
'S-Si e;mpathetic ganglion ; ta.v. cardinal vein ; nl, aegmenUl duct ; tt, segmental tube ; du, duode- 
num ; kp.d, junctiou of hepBtic duct with it ; pan, rudiment of pancreas connected with anoUier part 
of duudoDum ; iiuic, opening of umbilical i;anA> (rllclliae ditct). 



projecting part (tig. 105). This is at lirst qnite simple, and represents the distal 
segment of the limb (hand or foot). The other two s^menfs (forearm and leg ; 
arm and thigh) are successively marked off between it and the girdle by the 
development of traosverse furroft'S representing the joints (fifth and sixth week). 
At about the same time four notches appear in the flattened distal extremity, 
marking off the intervals between the fingers and toca, and the middle segment 
(fore-arm or leg) begins to be flexed upon the proximal (arm or thigh), the 

n birds and mammuls ; the rjiuclea 
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concavity looking forwards in tue upper limb and backwards in the lower limb. 
The limbfl also come to be folded ventrally against the body of the embryo. 

From the manner in which the flattened limb-bud grows out from the lateral 
ridge, it is obvioag that its Burftices must at first be dorsal and ventral. The 
dorsal surface afterwards becomes extensor and the ventral fleior. The anterior 
edge is respectively the radial and tibial ; the posterior, the ulnar and fibular. As 
Fig. 195.— OciLiNKs or r 



His.) 
A, at four weeki ; B, at fire weeks ; 
at Dine or ten weeks. 



{Afler 




development proceeds, a half rotation occurs in 
opposite directions in the two limbs, resulting 
in the middle flexure (elbow, knee) being directed 
forwards in the upper, backwards in the lower 
limb. 

The bones of the limbs are laid down as 
cartilages which appear as separate difierentia- 
ttons of the more centrally placed mesoblast, 
a portion of mesoblast remaining for a time undifferentiated opposite each synovial 
articulation. 'Within this a cleft subsequently appears, aud enlarges to form the 
synovial cavity, the mesoblast which bounds the cleft developing eventually into 
the synovial membrane and capsular ligaments of the joint. 

The crwaiiuii. — In the head the notochord extends as far forwards as the 
mid-brain. Here also it is invested by a continuous mass of mesoblast, which sends 
lateral prolongations over the neural canal as in the trunk (membrana reuniens). 








(Wiederahfim.} 



<n of pituitar; bodj ; 



I 
Fig. lS8.-DuBB*iis nr ihk 

A, First etoge. 
Ch, notochonl ; TV, tnilieculB craLii ; P.ck, parachordal cartilages ; 
.V, i\ 0, eituatioOH of oUactoir, Tisiial and auditor; orgaiu. 
B, Second Btage. 
B, basilar cartilage {iDvcetiag mass of Rathke) ; ^, nasal septum and etboioidiil cartilage : Elh, 
EtK', proloDgationB of ethmoidal around olfactor; organ, completiog the nasal capsule ; Ol, foramina 
for passage of olfactory narvelibrcs ; N, E, 0, Ch, Tr, ttt before. 

The main difference in development between the cranium and vertebral column 
the fact that no separate cartilaginous deposits to form vertebne occur 
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within the head, nor can any parts be disLtDgniBhed which strictly represent vertebne, 
The cartilage of the basis crauii makes its appearance in the form of two longitudinal 
bars lying on either side of the notochord (parachwdal carlilages), and of two other 
bars {irabecula. cranii of Ratblie) which embrace the pituitary body, and which 
become united together in front and with the parachordals behind to form a con- 
tinoDus mass, which posteriorly completely invests the notochord (fig. 196). The 
cartilaginous basis cranii may therefore be distinguished into the parachordal and 
prechordal parts. Of these the first represents the basi-occipital and basi-spheDoid, 
the second the presphenoid and ethmoid portions. From the basis cranii continaons 
cartilaginons plates grow on either side over the cerebral vesicles to a greater or 
less extent in difi'erent animals, least in mammals, where only the occipital region 
becomes thus roofed in by cartilage. Anteriorly the nnited trabecule cranii stretcli 
forwards into the fronto-nasal process, where they form the ethmoid cartilage and 
nasal septum, besides enclosing the nasal pitA esternally [cariiiaginovs nasal capsule). 
From the sides of the presphenoid portion the orbito-sphenoids (lesser wings), 
containing the optic foramioa, are developed, and from the sides of the basi-sphenotd, 

Fig. 197.— View phoh below of thk cabtilijibous 
nBits OF ABOUT FocB MONTHS. < After Hnilef.) 

The cartiJage is datt«l Ui distinguuli it from the bone 
vhich IB Hhiuled witii iinea. 

b.o, basi -occipital ; a.o, lateral occipitaU ; f.m, foramen 
magnum ; o.e, o'.d, ban; deposits in the periotic capsule ; 
p.i, pOBl-sphenoiil ; pr.», pre-nphenoid ; o.», orbito-sphe- 
noiil ; >.», septum nau. 

the greater winga or alisphenoids. A cartilagi- 
nous capsnle, connected with the parachordal 
portion of the basis cranii, invests the otic vesicle 
{jmriotic eapmh). Within this, bony centres are 
eventually formed, which unite to form the 
petrO'mastoid. In the human embryo, chondri- 
fication begins in the fourth or fifth week in 
the basilar portion of the skull, and is ne^ly completed by the eighth 
week. 

Formatioii of "Hm Tiscsral ikaleton of tlio lL«a.d : oartilagiiioiu bum of 
tlie Tisosnd ftrohes. — A cartilaginous bar extends from the periotic capsule and 
basis cranii, within each of the first three visceral arches, and passes forwards to 
meet ite fellow in the middle line. The har of t/m mandibular arch is known as 
MeckePa cartileye. It is visible in all sections of the fcetal jaw up to the seventh 
month. Its proximal end is attached at first to the basis cranii, afterwards to the 
periotic capsnle; its distal end joins that of its fellow in the middle line of the 
lower jaw. Only near this conjoined part does Meckel's cirtilage take part in the 
formation of the lower jaw bone, the greater part of this bone being developed by 
ossification at sevei-al places in the connective tissue around the cartilage. In some 
animals a short cartilaginous bar is formed in the maxillary process {palalo-plerygoid 
har, fig. 198, k,piig). Close to it the palatine and ptcrj-goid bones are formed in 
membrane, but the bar itself entirely disappears. The seamd or hijoid bar arises 
from the skull close behind the attachment of Meckel's cartili^e, and passes along 
the second arch. It disappears in part, bnt in part is converted into the styloid 
process, stylo-hyoid ligament, and lesser comu of the hyoiS bone. The body of the 
hyoid bone (basi-hyal) is an intermediate formation between the second and third 
arches. The bar ofOie third arch is known as the Ihyro-hyoid. Its lower end forms 
the greater comu of the hyoid bone ; bat its attachment to the skull early disap- 
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Fig. ISS, &.— BiiMnn or thb as.vi.h of an kmdrto na, \-isc« lono, viewed isau uelow : 

HEViDUORAXKATic iPniin BaHoitr afl«i Parker.) 

pa.ch, parachoHals nc notoohord on otic enpfiiile ; pjf, pituitary ; (r, tiabecnlE ; e.(r, cornii 

of the tnbecula pn prenassl cartilage rn, external u&reB ; of, olfactory region ; p-jy, palflto- 

literygoid bar encloaed lo the maiillo-pteiygo ct process ; mi\, mandibular btir ; hy, byoideao biii : th.h, 

thyrohyoid bv 7a apertare for facial nen e 8a, for gloBsapharjngeal ; 86, for vHgiia ; 9, for hypoglossal. 

Pig. IBS, B.— Side tiew or the handibclar and kioiu ARrnES » AN kmbrvo pio aw 1\ inch 

IN LBNUTH. (From italfouT, after Parker.) 

t'j, tongue ; ml; Heckel'a cartilage ; ml, body of nulteua ; tub, its maDubrinm or haodle ; I.(v, 

tegmcn tympani ■ t incus ■ »( atapes ■ i ky inter-hyal ligammt ; it.k, styki-hyal cartilage ; A.A, 

hypoliyal Qi baaibraDchial th h mdimeat of first bisochial arch ; 7a, facial nerve. 

pears, or in some animals may not 
be found at all. This bar is in 
all cases of less importance than 
the first two, from the proximal 
parts of which important struc.- 
tures connected in lower verte- 
brates with the suspensory appa- 
ratus of the lower jaw, in the 
higher vertebrates with the ap- 
paratus for sound transmission 
to the internal ear are developed. 
Formation of the auditory 
Disiolaa. — If the embryonic de- 
velopment of the boiB is studied 
in man and other mammals, it is 
found that at a certain period of 
t'uetal life Meckel's cartilage is 
directly continuous with the car- 
tUaginouB malleus, above whioh, 
and at first in direct continuity 
with it, is the cartilaginous incus 
(fig. 199) ; these two ossicles 
therefore appear as the enlarged 
and modified proximal end of 
Meckel's cartilage. Somewhat 
later the incus becomes detached 
from the malleus, but the latter 
' long remains in continuity with 
Meckel's cartilage (tig. 200). 







Fig. ISS. — PRBPittiTIOBB 



sHKEi'. (Salenaky.) 
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The most obvioiu iuterpretatioD of Uiese appearBnces would eeem tc be that both the 
malleuH and incus are developed from the cartiliminoiis bar of the firet or mandibular arch. 
This view is not, however, nnivorsally held. For, as the sevecsJ illUBttations show, thi- second 
or hyoid bar is also connected to the developing incna. throtifch which it is joined to the periotic 
capsule. Heuce it has been inferred by some that the incus belongs to the hyoid bar, and not 
to the maDdibular (A. Fraser), Others have looked upon it as representing a hTomandibular 
cartilag:e, like that which in Sanropeida forms a common snspeasoty apparatus for both 
mandibular and hyoide&n appcuratos (Huxley). This hjomandibala itself, however, may leprc- 

Fig. 200.— CosDiTioK or Mkckkl's an- 

(Kslliker.) 

B, ia an enlarged skptcb by Allen 
Thomson, showing the relatiauship of 
the seveial parts better than in A. 

:, zygomatic arch ; ma. mastoid pre. 
cess ; mi, portions of the lower jaw left 
in »itu, the rest having been ^ut away ; 
Jf, Meckel's culjlage of the right side, 
coDtipued at I, the sjmphyais, into that 
of the left side if, of which oaly a small 
part is shown ; T, tympanic ring ; m, 
malleus ; i, incus ; i, slspes ; ita, stape- 
dius ; tt, styloid process ; p. A, s, stylo- 
phsiyngeus, stylohyoid, and stytoglDBsua 
muscles ; itt, stylohyoid ligament attached 
lo the lesser cornu of the hyoid bone, ky ; 
lb, thyroid cartilnge. 

sent an apwatd prolon^tjon of 
Meckel's cartilage, and would then 
belong to the Ist visceral arch 
(Peters). Lastly, jret another solu- 
tion of the question has been offered, 
viz., that both incus and msJlens are 
hjontandihular (Albrecht, Gadow). 

The last mentioned opinion is based 
mainlj upon considerations of com- 
parative anatomy, which can hardly 
be left out of acoonnt in dealing' with 
the morphology of these atmcturet. 
In lower Vertebrata the suspensory 
apparatus of the lower jaw comprises 
besides the hyomandibnla, common 
to it and to the hyoid apparatus, a 
large bone, known as the qoadrate, 
by moiuiB of which, either directly or 
with the intercalation of an os arti- 
culare, the lower jaw is united with 
^ tlte basis cninii and periotic capenle. 

Reichert looked upon the incua as the 
taomologne of the quadrate, and the malleus as that of the os articulare ; and the same view 
was taken bj Gegenbaur, Huzley, on the otlier hand, came to the oonclusion that the 
homoIofTue of the quadrate bone of reptiles and birds is to be found in the malleus, and that 
the incus repreeents a portittn of the hyomandibolar bar, which, as above stated, is common to 
both Brst and second arches. Various other observers have concluded that the quadrate of 
lower vertebrates is represented in mammals by the zygomatic process of the squamosal. 
Gadow, however, looks upon it as represented by the tympanic ring of mammals. 

The stapes has, been variously described as representing: 1, a part of the hyoid arch 
(Beichert) ; 2, a part of the periotic capsule which has become detached (Parker) ; 3, in part 
or wholly, the hyomandibula of lower vertebrates (Gegenhaur, Huiley, Albreoht, Gadow) ; 
i. hyomandibula and detached periotic cartilage conjoined (Oradenisfo) ; 6, as an independent 
circular deposit of cartjlaee around the ata^wdial artery ' (Salensky, Fraser). It is at any rate 
closely connected with the hyoid bar, which forms from above down the tympano-hyal and 
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styloid prooeneSy the stjlo-hyoid ligament and the lesser oomna of the hjoid bone (cerato- 
hyal). 

The remaining bones of the viaoeral skeleton of the head, yis., the maxillary, malar, 
palatfaie, pterygoid, yomer, nasal, and lachrymal, are all formed in membrane. An aoooont of 
their development is giyen in the Osteology (YoL II.)« 
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Abdominal stalk, 46 
Acoessoij thyroids, iii 
Alft nasi, 96 

Albrecht on anditoiy ossicles, 168 
Alecithal ova {a, not, x^kvOos, oil-bottle), defi- 
nition, 9 

invagination of, 22 
Alimentary canal, development of, 99 
Allantoic arteries. See Umbilical. 

fluid, 46 

tnbe, 36 
Allantois (oAAai, sausage, cOof, form), formation 

of, 43 
first appearance of, 44 

structiuv of, 44 

in what animals found. 45 

hypoblastic sac o^ 40 

pedicle of, 46 

variation of period of development, 46 

connection, with alimentaiy canal, loi, n. 
with bladder, 122 
Amnion {iifiytoy, a bowl in which victim's blood 
was caught, the caul), earliest appear- 
ance of in human embryo, 46 

false, 42 

formation of, 42 

in guinea pig, 43, 46 

resulting from invagination, 24 

true, 42 
Amniota, 42 
Amphibia, liver in, 112 

Wolffian duct in, 118 

heart in, 136 
Amphioxua (&^i, double, ^^f, a point), ale- 
cithal ova of, 9 

invagination of blastoderm of, 22, 24 

origin of mesoblast in, 22, 26 

mesenchyme in, 27 

notochord in, 34 

mesoblastic somites in, 37 
Amygdalse (dfiiryScUiy, almond), 66 
Anal membrane, the, 108 
Analogy, Ayd, according to, \6yos, ratio), defi- 
nition of, 4 

examples of, 4 
Anatomy, definition of, i 

depAitments of, i 
Angelucci on zonnle of Zinn, 87 
Annelida {annellus, little ring), 2 
Anterior perforated space, 79 
Anus, formation of, 108, 128 
Aorta {iopriif ^c^f^*, to Uft), primitive, formation 

of, 38 
descending primitive, 146 

arch of, 148, 150 

bulb of, 144, 147, 148 

descending permanent, 150 

Aortic arches. See Arterial Aachks. 
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Aqueduct of Sylvius, 62, 67 

Arohenterio cavity, primitive («px4; beginning 

(tntpoif, intestineX 26 
Archiblastic cells of His, 25 
Arteria centralU retinas, 85, 87 
Arterial (aortic) arches, formation of, 38, 146 

division of aortic septum by, 144 

origin of principal arteries from, 146, 147, 
148 

destination of fourth and fifth, 150 
Arteries {itprripfa^ afym^ to lift), development of, 
146 

from arterial arches, 148, 149 

from arobes in birds, 150 

ascending pharyngeal, 148 

auricular, 148 

basilar, 149 

carotid, 148, 150 

common iliacs, 147 

innominate, 150 

intercostal, 149 

inter-segmental, 149 

lingual, 148 

maxillary, 148 

middle sacral, 147 

occipital, 148 

pulmonary, 148, 150 

subclavian, 150 

tem)>oral, 148 

umbilical, 44, 146, 156 

vertebra], 149 

vitelline, 40 
Arthropoda {&f»Opop, a joint, rois, a foot), seg- 
mental plan of, 2 

centrolecitnal ova of, 8 
Aryepiglottic folds, 103 
Arytenoid cartilages {itp^Tatya, a pitcher), 103 
Ascaris megalocephala, polar gloDules observed 
in, 9 

fertilisation in, it, 12 

segmentation of, 16 
Auditory pit, 89 

vesicle, 89 

nerve, 78, 89, 93 

ossicles, 167, 168 
Auricular canal, 142 
Axis, primitive skeletal, 2 



Baer, von, zona pellucida of, 6 

on bilaniination of middle layer of blas- 
toderm, 23 
Balfour, F. M., on amnion and allantois, 45, n 

blastodermic layers, nomenclature of, 23 

ccelom, typical development of, 24 

head cavities, 161 

limbs, 163 n. 

lens-capsule, 87 
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Balfour, F. M. — continued, 

MUllerian duct, 122, 123 

muscle plate, outer, 161 

nerves, epiblastic, origin of, 57 
spinal, anterior roote of, 74 

neural crest, 73 

oesophagus, obliteration of lumen of, 104, n 

ova, formation of, 124 

parablast, 27, n. 

primitive groove, 23 

polar globules, theory of, 14 

supra-renals, 122 

sympathetic system, 81 

Wolffian body, 115, n. 
duct, 118 

vitelline membrane, 8 
Bars, cartilaginous, of mandibular arch, 166, 168 

palato-pterygoid, 166 

hyoid, 166, 168 

thyrbrhyoid, 166 
Bartholin, glands of, 128 
Basal layer 6f placental decidua, 51 

attachment of villi to, 52 
Basis cranii, i^ 
Hat, placental sinuses in, ^2 
Baucnstiel (abdominal stalk), 46 
Beard on branchial sense-organs, 76 
Beneden, v., vitelline membrane, 8 

formation of polar globules, 9 

entrance of spermatozoon in Ascaris, 1 1 

division of nucleus in Ascaris, 12, 16 

blastodermic layers, 18 

blastopore, theory of, 23 

pro-amnion of, 35 
Bileducta, 112 

Birdsell on syinpathetic'nerves, 81 
Bischolf on inversion of blastodermio layers, 23 
Bladder, urinary, 122 

Blsfltoderm (/SAao-reJi, a bud, Scjpfia, skin), for- 
mation of, 17, 18 

three layers of, 17 > 

gastrula condition of, 21 
stage typical, 22 

bilaminar, 21 

layers, inversion of, 23 

historically considered, 23, 24 

characters of layers of, 24 

table of development from layers of, 25 

four layers of, 26 

separation of embryo from, 34 
Blastodermic vesicle, definition of, 17 

growth in the cat of, 18 

invagination of, 22, 23, 24 

as y^-sac, 35 

first attachment of to uterus, 53 
Blastopore (/9Aao'T^s, a bud, w6pos, a passage), 
discussion of in meroblastic ova, 22, 23 

diverticula, near to in Sagitta, 26 

connection of anus with, 108 
Biochmann on extrusion of one polar globule by 

parthenogenetic ova, 14 
Blood, origin from parablastic cells, 21, 25 

corpuscles, 40 
Blood islands of Pander, 39 
Blood vessels, formation of, 40 
Body, segmentation of, 2 
Body-cavity. See Oelox 
Bonnet on middle blastodermic layer, 21 

on connection of notochord with buccal epi- 
blast, 68 
protovertebral cavity) 160 
Bom on the lachrymal canal, 89 



Bom — continued, 

cephalic clefts, 102, il 

thyroid, iii 

septum spurium, 141, n. 

auricular canal, 142, 144 

ventricular septum, 142, n. 

foramen ovale, valve of, 144 

pulmonary veins, 144 
Boveri i^n polar globules in Ascaris, 9 
Bouman, anterior and posterior homogeneoos 

lamells of, 88 
Brain, development of, 61 

flexures of, 63 

fissures and convolutions of, 71 
Branchial sense-organs of Beard, 76 
Bronchi, 109 
Brown, H. H., on extrusion of part of nacleua 

of seminal cell, 12 
Budge on lymphatic system, 157 



Cjbcum (blind), 107 

Cklamus scriptorius (writing pen), 62 

Callender on 4th visceral arcn, 103 

Canalis re-uniens, 91 

Capsule of lens, 87 

whence derived, 87 
Capsule, cartila^ous nasal, 166 

periotic, 166 
Camoy on polar globules in Ascaris, 9 
Cat, blastodermic vesicle of, 18 
Cauda equina, 60 

Centra {icivrpov, a point), of vertebrte, 2 
Centrolecithal {ictprpoyf centre, \^Kv0at, oil- 
bottle), ova in arthropods, 8 
Cerebellar peduncles, 66 
Cerebellum, 62 

formatidn of, 66 

amvgdalse of, 66 
Cerebral vesicles, 37 

table of development from, 61 

fifth, or bulbar, 63 

fourth or cerebellar, 66 

third, mid-brain, 67 
second, 67 
first, 68 
Chick, pro-anmion in, 34 

rudiments of cranial nerve ganglia in, 75 
ChoansB {x^atms, a pit for melting metal in), 97, 

100 

Chorda dorsalis, 32. See Notochokd. 

Chorda tympani, 79 

Chordae tendinese, 142 

Chorion ix^piov^ skin), definition, 42 and n. 

junction of allantois with, 44, 46 
Choroid coat, 87, 88 
Choroid plexuses, 62, 67, 70 
Choroidal fissure, 85 
Chromatin, filaments of, 12, x6 
Chromosomes [xp&fuit colour, o-w/ta, body), 12 
CUiary body, SS 
Circulation, foetal peculiarities of^ 155 

course of, 156 

changes of at birth, 157 
Cloaca, 108, 122, 123, 127 
Cochlea (icoxAtat, a snail with a spiral shell), 
canal of, 90 

pan^lion of, 78 

in birds, 92 

modiolus of, 93 

bone of, 93 

spiral lamina of, 93 



^NDEX OP PAET L 



m 



Coelenterates (Ktukos, hollow, fvr^pov, iDtestme), 

Cosloro (wotXoT, hollow), layers of, 2, 23 

typical origin from invagination, 24, 26 

formation of, 36, 99 ^ 

connection of mesoblastic somites with, 37, 

160 
formation of pleorss from, 1 10 
of pericardmm from, 135 I 
serous cavities from, 159 
Coelom-invaginations, 22 
connection of, with notochordal invagina- 
tion. 34 
Coloboma iridis {KoKifittfiiXf a part taken away 

in mutilation), 85 
Columns of cord, anterior white, first rudiment 

of, 59 

posterior white, 59, 75, 78, n. 

structure of, 60 
Commissure, anterior of cord, 60 

grey, 67 

posterior, 67 
Commissures of cerebral hemispheres, 71 
Congenital fissures of neck, 103 
Connective tissue, origin from parablastic cells, 

21, 25 
Cornea (horny), substantia propria o^ 87 

epithelium of, 87 
Cornu (horn), anterior, first rudiment of, 59 
Comu Ammonis(from resemblance to the horns 

of the statue of Zeus-Ammon), 72 
Corpora quadrigemina (four-fold bodies), 62, 67 

striata, 62, 69, 73 
Corpus-albicons (white body), 71 
Corpus callosum (the thick body)| 71 

peduncle 0^ 79 
Corti, rods of, 93 

Coste, discovery of germinal vesicle by, 8, n, 
Coty ledons of placenta (ffon&Ai}, anything hollow), 

51 
Cowper, glands of, 128 

Craniata, 27 

Cranium, 165 

Crura cerebri {crus, leg), 62 

Crusta (crust or rind), 67 

Cryptorchismus («cp^rT(jf, hidden, &px^'» testicle), 

127 
Cunningham, D. F., on sulci of brain, 72, n. 
Cutis vera, formation of from outer muscle plate, 

161 
Cuvier, ducts of, 138, 139, 141, 151, 152, 153 

vestiges of, 154 
Cydostomata («cv«eA.ot, a circle, o-t^/ao, mouth), 

parablastic elements in blastoderm of, 27 
heart in, 136 
Cystic duct (K^ffris, the bladder), 112 



Dccidna {dccideref to fall off), 44 
structure of, 46 
refleza, 46 
serotina, 46 
vera, 46 

function of glands of, 47 
thickness of vera, 48 
stratum spongiosum of, 49 
stratum compactum of, 49 
atrophy of glands of, 49 
placental, 51 
giant cells in serotina, 54 
reparation of at birth, 55 



Decidual cells of Friedlander, 49 - 

Ljefinition of anatomical terms, 4, 5 
" mesiid, ' 

lateral, 

frontal,, . 

sagittal* (jKi^^, an arrow), 

coronal {corona, a crown), 

dorsal (dorsum, a back), 

ventral {venter, belly), 

neural {vwpov, a cord), ^ 

visceral, 

cephalic (ic«^aX^, head), 

caudal {cauda, tail), 

axial, 
Deiters, sustentacular cells of, 93 
Delamination, process of in blastoderm, 21 

non-occurrence in invertebrata, 22 

Lankester on, 24 
Descemet, membrane of, 21^ 
Descriptive terms, 4 
Deutoplasm, 7, 8 
Diaphragm (SicC, through, ^ftdyfui, a fence,) 

159 
Directive corpuscles, 9. See Polab Globules. 

Discus proligenis, albumen deposited on ovum 

by, 7 
Dohm on pituitary body, 68 

Dollinger, researches of Pander under, 23 

Ductus arteriosus, 146, 150, 156 

lingiialis, no 

thyreo^lossus, no 

thyroideus, no 

venosus, 1^2, 156 
Duodenal loop, X04 
Dursy on continuity of primitive with neural 

groove, 32 
Duval on epiblastic connection of blastodermic 
vesicle to uterine wall, 53 



Ear, a specialised branchial sense-oxgan, 76 

development of, 89 

accessory ports, 93 
Echinoderms v^X^'^^'i urchin, 8«pfui, skin), im- 
precation in, II, 12 
Ecker on the Sylvian fissure, 73 
Ectoderm {iieT6s, outside, UpfMf skin), primitive, 
18, 19, 24 

invagination of, 22, 23 
Egg tubes, 124 

E^mobranchs (^A^/ia, lamina, fiftdyxM, gills), 
coelom invagination in, 22, n. 

primitive groove in, 23 

neural crest in, 73 

spinal nerves, anterior roots in, 74 

origin of ciliary ganglion in, 81 

auditory vesicle in, 90 

supra- pericardial bodies in, in 

liver in, 112 

Wolffian vesicles in, 118, n. 

supra-renal capsules in, 121 

Mullerian duct in, 122 

heart in, 136 

muscle plate, outer, in, 161 

viscei'al arches in, 161 

head cavities in, 161 

limbs in, 163, n. 
Embryo, human, segmentation where most 

marked, 3 
Embryo, separation of^ firom blastodeim, 34 
Embryology {(fifipvoy,a thing newlv born, ao^oy, 
woitl), definition, x 
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Embryonic area, i8 

Endocardium {Moy^ within, Kap9(a, heart), 136 

Endolymphatic canal, 90 

Engelmaun on placenta, 48, n. 

Enteric canal {ivrtpov, intestine), 22 
groove, 36 

Entoderm (ivr6sf inside, Scp/ia, skin), primitive, 
17, 18, 19, 24 
blastopore, relation to, 22, 23 
perforation of by primitive groove, 22 

Entomeres, mass of (ivr6sf witmn, /icpoj, part), 

Epencephalon (^ir{, over, iyK4<pa\os, brain), 66 
Epiblast (^jt/, over, fiKaaT6sf germ), 21 

homology with Rauber's layer, 22, n. 

character of cells, 24 

formation of medullary folds by, 32 

formation of ganglia by, 73, 75 

sensory epiblast, 76 

formation of lens from, 83 
Epiglottis (^ir^, upon, yXurrlSf month of the 

windpipe), 103 
Epiphysis cerebri {irupvWf to grow upon, cere^ 

brum, brain), 67 
Epoophoron (^ir/, upon, iWv, egg, ^4pw, to carry) 

ofWaldeyer, 120 
Enstachian tube, 93 

valve, 141, 15s 
Ewetsky on bifurcation of lachrymal canal, 89 
External amniotic fold, 43, n. 
Eye, development of, 83 

retina. 86 

hyaloid membrane of, 87 

conieo-sclerotic coat of, 87 

choroid coat of, 87, 88 

iris of, 87, 88 

anterior chamber of, 88 
Eyelids, 89 



Fallopian tube, 7 

fimbriiB of, 1 1 

development of. 117, 124 
False amnion, 42, 43, n. 
Falx cerebri (a sickle), 70 
Fertilization, 11 

Filum terminale (terminal thrcail). 60 
Fissure of Sylvius, 72, 73 

of Kolando, 73 
Flemming on Wolffian duct, 118 
Fol on polar globules in echinoderms, 9 
Foramen caecum of Morgagui (blind opening), 102, 

no 
Foramen of Monro, 63, 68 

ovale, 144 

closure of, 155, 157 
Fore brain, 38 

Fore-gut, first formation of, 34 
Fornix (an arch), 71 
Foster on nomenclature of the blastodermic 

layers, 23 
Fraser on inversion of blastodermic layers, 23 

auditory ossicles, 168 
Fretum Halleri (a strait or channel), 141 
Friedlander, decidual cells of, 49 

on giant cells in decidua scrotiun, 54 
Froriep on branchial sense-organs in mammals, 
76 

vertebral column, 162 
Furcula, the (forked prop), 102, 103 



Gabow on auditory ossicles, 16S 

Gallbladder, 112 

Ganglia {ydyyAaoy, a swelling), post^or-root, 74 

rudiments of, in cranial nerves, 75, 76 

Gasserian, 78, 81 

jugular, 78 

cochleae, 78 

spiral, 78 

geniculate, 78 

sympathetic, 81 ' 

ciliaiy, 81 

ophthalmicus profundus of elasmobranchs, 
81 
Ganoids (r^of, bright, tZJar. form), heitftin, 136 
Gartner, duct of, 120 
Gaskell on cranial ganglia, 77 

nuclei of cranial nerves, 77 

sympathetic ganglia, 81 
Gastrula {ycurrfjf*, belly), 21 

views of formation, 22, 23 
Gegenbaur on homodynamy, 4 

Jacobsoi^*s gland, 97 

remains of notochord, 162 

auditory ossicles, 168 
Generative organs, male, 117, 120, 125 

external, 127 

female, 124 

table of, 130 
Coital cord, 123 

ridge, 124 
Germ cell, 12 
Germinal cells, c8 
Germinal epithelium, 117 

connection with Wolflfian tubules, 129 

formation of ovary from, 124 
of testicle from, 125 
Grerminal spot, 8 
Germinal vesicle, structure of, 8 
Giant cells of placenta, 54 
Gill slits, 103 
Girald^s, organ of, 120 
Girdle, thoracic and pelvic, 164 
Globular processes of His) 95 
Glomeruli (ghmus, ball of thread), 119, 12^ 
Golowine on ganglion rudiments, 75 

special sense-organ rudiments, 76 
Gottc on Wolffian duct, 118 
Gmaf, de, on pineal eye, 68 
Graafian follicle, 6 

. union of cells of, with ovum. 7 
•changes prior to escape of ovum, 9 

formation of, 124, 125 
Gradenigo on the stapes, 168 
Gruber on a case of venous abnormality, 155 
Gttbemaculum testis (a helni)» 126 

changes of in descent of testicle, 127 
Guinea-pig, formation of amnion in, 43 

allantois in, 46 
Gyrus subcallosus of Zuckcrkandl, 81 



Hadden, on origin of segmental duct, 118 
Haeckel, on gastinila stage and gastralisation^ 

22, 23, 24 
Haller, vasa abcrrantia of, 120 
Hare lip, 97 

Hassal, concentric corpuscles of, 112 
Head, Urst appearance of, 34 

muscles of, 161 

evidences of segmentation of, l6x 

skeleton of, 166 

visceial skeleton of, 166 
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Heape, on blastodermic layers in the inole, i8 

rudimentary blastopore in the mole, 23 
Heart, formation of, 38, 136 
beginning of beat, 39 
endothelial tube of, 134' 
folding and division of, 137, 141, 142 
aaccua reunions, 139 
septum spurium of, 141 
vsiTes of, 141, 142 
f return Halleri of, 14 X 
septum inferius of, 14 z 
auricular canal of, 142 
septum intermedium of, 142 
chordse teudinese of, 142 
foramen ovale of, 144 
limbus Vieussenii of, 144 
muscle of, 145 
coluransB carnese of, 146 
foetal, peculiaiities of, 146 
Hedgehog, plncentul sinuses in, 52, n. 

epiblastic attachment to uterus in, 53 
Henle, loops of, 122 
Hensen, caualis re-nniens of, 91 
on Wolffian duct, 118 
heart, bilateral, 134 
Hermaphroditism ('EpM^s, 'AtppoHinj, a male and 

female god), 12 
Hertwig, 0. and E., on polar globules in 
echinoderms, 9 
cflelom-invaginations of, 22 
ccelom, typical dcvelo2)nient of, 24 
mesodermic layers of, 26, 27, n. 
mesenchyme of, 26 
Hind brain, 38 
Hind gut, formation of, 36 

connection with allantois, 46 

with Wolffian duct, 118 
His, W., abdominal stalk of, 46 
on accessory thyroid bodies, 1 10 
allantois, loi, n. 
arterial arches, 147 
ascending roots in medulla, 66 
auricular canal, 142 
axis cylinders, growth of, 75 
blood-vessels, 151 
Broca's area, 79 
cephalic clefts, 102, n. 
endothelial tube of heart, 136 
on epiblastic origin of ganglia and posterior 

roots, 57 
germinal cells of, 58 
on geniculate ganglion, 79 
globular processes of, 95 
on heart, bilateral, 134 
isthmus of, 67 
on laminie of cord, 60 
lens capsule, 87 

mechanical theory of development, 24 
mesoblast, origin of in part from thickened 

rim of blastoderm, 23 
nerve fibres, somatic and splanchnic, 77 
olfactory epiblast, 98 

nerve fibres, origin of, 77, 81 
parablast, theory of, 25, 26 
on pinna, 95 
porta vestibuli of, 156 
on pulmonary veins, 144 
researches of, 6, n. 
saccus reunions of, 139 
septiun atriorum, 144 
inferius of, 141 
between stomodaeumandfore-gut, 99 



His — continued, 

septum, transverse of, 159 
sinus arcuatus, 102 
on spinal nerves, ix)ots of, 74 
spongioblasts of, 58 
sulcus terminalis, 102 
thyroid, no 

on tuberculum impar, 102 
visceral arches, 102 
Histology (iVriJr, a web; \Ayos, word), defini- 
tion, I 
Hofmann, gastrulation in elasmobranchs, 22, n. 
Holoblastic ova (5Xos, whole ; fi\a%r/ti, a germ), 
definition of, 8 
invagination of, 22 
Homodynamy (Afu^f, the same ; 8uKo/«y, power), 4 
Homogeny (^au^v, the same ; yivos^ descent), 4 
Homology (^Au{f,the same ; xSyos^ word),definition 
of, 4 
serial homology, 4 
examples of^ 4 
Hubrecht, on epiblastic connection of blasto- 
dermic vesicle with uterus, 53 
Huxley, on two lavers of coelenterates, 23 

auditory ossicles, 168 
Hymen, the (the god of marriage), 128 
Hyoid, the (T tKot , the form of the Greek letter 

T), 166, 169 
Hypoblast (6ir^, under ; &\a<rr6s, germ), 21 
characters of cells of, 24 
formation of notochord from, 32 

allantois from, 44, 46 
Hjrpophysis cerebri (6iro^w», to grow from below), 

68, 100. And see Pituitary Body. 
Hypospadiaa {(nr6, under ; (nrduw, to tear), 129 



Impbeonation, II 
Incisor foramen, 97 
Incus (an anvil), 167, 168 
Infnndibulum, the (a funnel), 61, 67, 68 

of lung, no 
Intermediate cell mass, the formation of 
Wolffian duct from, 115 

of ix^rmanent kidney from, 122 
Intern I a xillarv process, 95 
Intervertobraf disc, 162 
Intervillous space, 51 

question of blood in, 53 
Intestines, 104 

large, 106 
Invagination in holoblastic ova, 22 

aperture of, 22 

resemblance to blastopore, 22 
Inversion of blastodermic layers, 23 
Iris, 86, 87, 88 

Ischikawa on segmentation of ovum before fer- 
tilization, 14 
Island of Reil, 70, 73 
Isthmus faucium, 100 
of His, 67 



JaCobson's organ, 95, 97 



Karyokinesis {Kipvo¥, a kernel ; Kiyiiais, move- 
ment) of germinal cells, 58 

Karyopjasm {ndpuoy^ a kernel ; irA(£<r/xa, a mould) 
of germinal vesicle, 8 

Eessler, on lens capsule, 87 

substantia propria of cornea, 87, n. 
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Kidney, head or fore, 1.15, 117 

mid, 116 

hind or permanent, 117, 122 
KdUiker on Kanber'B layer, 18 

intermediate layer of blastoderm, 20 

placenta, 53 

lens capsnle, 87 

the anterior chamber, $S 

cephalic clefts, 102, n. 

air cells of long, i lo 

thjmns, III 

heart, 154 

endothelial tube of heart, 136 

mesocardiam laterale of, 156 

cartilage of vertebrae, 162 
Kollmann, parabiastic theoiy of His, adherence 

to, 26 
£owalev6ky, researches on Sagitta and Amphi- 

ox an, 24, 26 
Knndrat on placenta^ 48, n. 
Kupffer, gastmlation, view ot, 11 

His' panblastic theory, adherence to, 26 



Labia majora (greater lipe), 128 
labyrinth, the, the recess of, 90 

perilymphatic spaces of, 93 
Lachrymal canals and ducts, 89, 97 
fassiaiT^, 89 
dand, 89 
Lamins of cord, alar, basal (dorso-Iatcral) 

(ventro-lateral), 60, 63, 65, 66, 77 
Langhans on placental sinnses, 53 
Lankester, on homogeny, 4 

blastopore, 22 

primary layers of blastoderm produced by 
delamination, 24 
Ijarynx, no 

Lemurs \Jiemur, ghost), nasal gland in, 98 
Lens, 83, 86 

vesicle of, 87 

transitional zone of, 87 

capsule of, 87 
Leopold on placenta, 48, n. 

giant cells in decidua serotina, 54 
Leydig on special sense organs of gill clefts, 76 
Lieberkiihn on blastodermic layei-s in mole, 18 

on lens capsule, 87 

zonule of Zinn, 87 
Liganieutum arteriosum, 150 
Limbs, 4, 163 

segments of, 164 

rotation of, 165 

bones of, 165 
Limbus (a band) Vicussenii, 144, 157 
Literature, recent, of the o>'uni, 14 

blastoderm, 27 

embryo, formation of, 41 

general subject of embryonic formation and 
development, 41 

decidua, 55 

nervous system, development of, 81 

sense organs, 98 

alimentary canal and glands, lungs, 113 

urinary and genei*ative organs, 132 

blood system, 158 

serous cavities, muscles and skeleton, 169 
Liver, 106, 112 

weight of, 113 

formation of veins of, i^i, 152 
Lockwoodi on proto vertebral cavity, z6o 



Lmi^Si. derelopment of, 109 
liBichVa, OQ machua. 122 

Botocbord, remains o^ t6i2 
Lym^Mlie ^rton, 157 



Mackat on arterial arches of the bird, 156 
Macula grrminatira (gaininal »i«t}, 8 
Malleus (a hammer), 167, 16S 
Malpighian oorposcles of spken, 108 

ofWolffianbodr, lao 

ofpermanent kidney, 122 
Msnhall, vestigial fold of, 154 

Milnea, on head caritie% 161 
Martin on Wolffian duct, 118 
Kasius on epiblastic connection of blastodermic 

vesicle with ntenis, 53 
Mechanical theory of development, 24 
Meckel, J. F.. 23 
Meckel's cartibge, 166, 167, 168 
Mednlla oblongata, 62 

formation of, 63 
Medullary folds, formation of, 30^ 32 

atx>v& Su Neubal groove. 
Memhrana umitans <^ retina, externa, 86 

interna, 83, 86 

nictitans, 89 

reuniens, superior of Remak, 32, 162, 165 

tectoria, 93 

tympani, 93 
Membranes of cord, development of, 60 
Meroblasticova(/i«pot, a part, 0\uar6s, a germ), 
definition of, 8 

eastmlar stage in, 22 

Haeckel, view concerning blastopore in, 23 

mesenchyme in, 27 
Mesenchyme (m^^ middle, XPf^h juice), 26, 

27 w . 

Mesencephalon (fwVor, middle, fyarc^aXor, brain, 

67 

connection with optic stalks, 85 
Mesentery, the (juaos, middle, fmpop, intestine), 

104, 107 
Mesoblast, formation of, 20^ 21 

origin, varieties of, 22 

His' view of origin, 23 

character of cells, 24 

connection with mesenchyme, 26 

paraxial and lateral, 32 

cleavage of, 36 

formation of vessels in, 39 

growth of with allantois, 44 
Mesoblastic somites, 37, 159, 162 

cavity in, 37, 160 
Mesocardium, anterius, posterius. lateralis, 136 
Mesocolon (icoAok, great intestine), 106 
Mesogastiium [yturr'fip, belly), 106, 107 
Mcbonepbros {rt^por, kidney), 116 
Mesorchium (ipx^h testicle), 126 
Mesorectum, 106 
Mesovarium, 126 

Metameres (fifrd, following, fiipos^ a part), 4 
Metanephros (At*Ti, behind, ye^p6s, kidney), 

117 

Metazoa {pLtrd, after, (wor, animal), 1 8, 26 

Metencephalon (jirrd, behind, fyicc^aAoi, brain), 

Meuron, de, on obliteration of human oesopha* 
gus, 104, n. 
thymus, 11 1 
Micropyle (fiiKp6s, small, ir^Ai|, opening), 1 1 
Mid brain, 38 
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Mihalkoyics on atomodfenm in rabbit, 99 

Bupra-renal capsules, 120 

Mtillerian ducts, 123 

ovary, 124, n. 
Minot, polar globules, theory of, X^, 14 

on placenta, 48 n. • 

chorionic epithelium, bounding placental 
sinuses, 52, n. 
Mitsukuri on supra-renalM^ 122 
Modiolus, the (nave of a wheel), 93 
Mole, primitive ectoderm in, 18 

blatitopore in, 22 
Monotremes (fu$Kor, single, rp^fta, a hole), 6 

amount of yolk of, 8 

cloaca in, 108 
Morbus cceruleus (the blue disease), 157 
Morgagni, hydatids of, 124 
Morphology [fMfxpii, form, X^t, word), deter- 
mination of, 2 
Mouth, formation of, 99 

non-correspondence of primitive with per- 
manent, 100 
Mulberry mass, 16 

MuUer, £., on muscular tissue of primitive 
aorlse, 151 
Johannes, Mtillerian duct named after, 

"7 
W., sense epithelium of, 86 

Miillerian duct, 117, i?.2, 123, 124, 127 

invaginntious, 115, n. 

Mullerian fibres, 86 

Muscle plate, 160 

inner, 160 

outer, 161 
Muscles, 159 
MyeloKpongium (/avcxJt, marrow, tnr^yyos, 

sponge), 58 
Myotomes (fivoSf a muscle, T^/iyw, I cut), 4 



Kasal processes, 95 

lain ins, 95 

septum, 95 
Kaso-palatine canal, 97 
Nerves, fifth ascending, root of, 66, 78 

vagus and glosso-pharyngeal, ascending root 
of, 66, 78 

fifth sensory fibres of, 66, 78 
motor fibres of, 66 

sixth, seventh, 66 

third, fourth, 67 

spiuid, formation of, 73 

roots of, 74 

axis, cylinders of, 75 

traces of ganglia in cranial, 77 

cranial, 75 

auditory, 78, 89, 93 

sympathetic, 81 

nuclei of origin of cranial, 77 

inferior laryngeal, shifting of, 149 
Kerve fibres, ongin from neurol)la.sts, 58, 59 

origin of somatic and splanchnic, 77 

oliactory, 81 
Nervous system, general view of development, 57 
Neural canal, 32 

parietes of, structure of, 57 

crest, 73, 75 

groove, formation and closure of, 30, 32 

tormation of cerebral vesicles from, 37 
Neurenteric canal (ycvpor, nerve, fyrtpoy, in- 
testine), 22 

piercing of notochord by, 32 



Neuroblasts (rcvpor, nerve, piKatn'Ssf germ), 58, 

59, 74» 98 
Neuroglia {ptvpoy/ nerve, yxU, glue), origin of, 

60 

Nose, a specialised branchial sense organ, 76 

formation of, 95 
Notochord (vAror, the back, x^'p'^* ^ string of 
gut), 2 

formation of, 32 

an embryonic structure, 34 

structure of, 34 

connection with buccal cpi blast, 68 

formation of vbrtebi-se round, 162 

connection with cranium, 165 
Notochordal canal, 34 
Nuck, canal of, 127 
Nuclei of origin of cranial nerves, 77 
Nucleolus of ovum, 8 
Nucleoplasm of germ and sperm cells, 12 
Nucleus (a kernel) of ovum, changes in, 6, 9 

chromatin filaments of, 12 
NymphiB, 128 



GBsOPHAOUS (oXffof=<p4p(if, to carry, ^oy^uf, to 

eat), 103, 104, n. 
Olfactory {ol/aciOt to smell) area, 95 

bulb, 81 

epithelium, 98 

glomeruli, 81 

pit, 95 

lobes,' 62, 71 

junction of ganglionic rudiment with, 77 

formation of, 79 
Olivary tubercle, 65 
Omental sac, 106 
Omentum, great, 106, 108 

gastro-hepatic, or small, Z06, 113 
Omphalomeseraic vein (o/Li^aAc^s, navel, fitaapcdoTf 

mesentery. See Vitelline Vein. 
Onodi on sympathetic nerves, 81 
Optic chiasnia {x^curfio, two lines placed cross- 
wise), 85 

cup, 83 

nerves, origin from fore-brain, 38, 67, 79 

stalks, formation of, 85 

thalamus, 62, 67 

tracts, 67, 85 

vesicles, primary, 61, 67,^83 
Organ, definition, i 
Organization, plan of, 2 
•* Organs of the lateral line," 76 
Os articnlare (joint bone), 168 
Otic vesicle (o?y, wtiv^s, ear, of the ear), 89 
Ovary, 6, 124, 125 

round ligament of, 126 

change of position of, 127 
Oviparous {ovum, egg, jKtrio, to produce) verte- 
brate, 8 
Ovum (egg), alecithal, 9 

attachment of to uterus, 46 

centrolecithol, 8 

deutoplabm of, 7 

development, changes prior to, 6 

gastruia of, 21 

germinal vesicle of, 8 

holoblastic, 8 

human, exception to rule of separation from 
chorion, 46 

human, villi in earliest described, 55 
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Ovum— otmA'mMci. 
fertilization of, ii 
UAmmalian, desoeot «( 8 
maturation of, 9 
meroblastic, 8 
permanent, 125 

Xx»lar globoles, extmsion from, 9 
primordial, 124 
segmentation of, 16 
size of, 6 
strin of, 6 
stmcture of, 6 
yolk of, 7 
zona pollucida or zona radiata of, 6 



Palate, the, 97 

cleft, 97 
Pancreas {nay, all, Kp4as, flesh), 108, 113 
Pander, researches on blastoderm, 23 

mechanical theory of, 24 

blood islands of, 39 
Papillary muscles, 142 
Parablastic cells (irtipd, beside, fiKatrrSs, germ), 

21, 2S, 27 
Parachordal cartilages {irapd, beside, x^pH, 

string ; near the notochord), 166 
Parker, on formation of xiphoid, 163 

stapes, 168 
Parovanum {irapd, beside ; ovarium, ovary), 120 
Pars ciliaris ratinse, 86 
Parthenogenesis {iraftBivos, virgin ; yivtaiSf 

origin), polar globules in, 14 
Parturition, separation of membranes in, 55 
Paterson on origin of sympathetic S3'stem, 81 

limb muscles, 163, n. 
Penis, 128, 129 

Pericardium (vfpf, about ; Kap8(a, heart), 135, 159 
Peritoneum (wtp/, about ; xf/vw, to stretch), 159 
Pcrivitelline space (vitelliLS, yoli)» 9 
PetciTi on hyomandibula, 168 
Petromyzou (ir^rpos, a stone ; m^C^» to suck ; 

lamprey), pituitary body in, 68 
Pfluger, egg tubes of, 124 
Pharyngeal septum, 100 
Pharynx, loi 

Philtrum {^ikrpQv, loveliness), 95 
Pineal gland {pinea, a fir-cone), 61, 67 

as rudimentary eye, 68 
Pinna, tlie (a feather), 95 
Pituitary body {pituita, phlegm), 61, 67 

formation of, 68 

in Petromyzon, 68 

connection with stomodseum 100 
Placenta (a coke), 44 

formation of, 49, 51 

basal layer of, 51 

subchorionic membrane of, 51 

loculi or cotyledons of, 51 

Etructure of sinuses of, 52 

intervillous spaces of, 51, 53 

weight and size of, 53 

microHoopical structure of, 53, 54 
Placental decidua, 51 

sinuses, structure of, 52 
Plane, median, 4 

PlasmsB of Weismann, nuclear, nutritive, ger- 
minal, histogenetic, 14 
Pleurse (irXcvpd, a rib), no, 159 
Plenro-peritoneal cavity. Sec C<£L0M 



Plica gnbexnatriK (guiiiag fold^ x^ 

semilunaris, 89 
Polar disc, 11 
globules, 6 

formation of, 9, 12 
where observed, 9 
of Ascaris megaloeephala, 9 
of plants, 9 
Mmot's theory of, 12 
Weismaon's theory of, 14 
Pons (bridge), 62 

formation of, 66 
Porta vesUbuli (gate of the vestibule), 156 
Pne-hyoid glands, no 
Pregnancy, chances of utenis in, 48 
Primary placental circulation, 53 
Primitive groove, formation of, 19 

as extension of blastopore, 22 
as humologue of pai-t of entoderm, 

Balfour's view of, 23 
connection with neural groove, 

3O1 32 

streak, formation of, 19 

an ectodermal thickening in- 
dented by blastopore, 22 
origin of mesoblast Irom, 22 
connection with notochord, 32 
velum {velum, a curtain), xoo 
Pristiurus, heart in, 136 
Proamnion, 35, 42, n. 
Process, nasal, 95 

fronto-nasal, 95, loi 
maxillary, 97, loi 
globukr, 95 
tympano-hyal, 168 
styloid, 169 
Processus vaginalis, 127 
Proctodseum (irpawcT^j, the anus), 108 
Pronephros (irf)6, before; yt4*p6s, kidney), 115 
Pro-nucleus, female, male, 9, ii, 12 

chromatin filaments, in, 16 
Prosenc-ephalon (v/NJs, besides; iyK4<pa\os, brain), 

68 
Prostatic vesicle, 124 
Protovertebne {wp&ros, first ; vertebra, I tui*n), 

37 
See Mesoblastio somites. 

Protovertebral cavity, 37, 160 

Pulmonary blood-vessels, 1 10 

Pupillary membrane, 87, SS 

Purkinje, germinal vesicle of, 8 

Pyramidal tracts, the last to be medullated, 60 

Pyramids, anterior, 65 



Quadrate, the, 168 



Rabbit, polar globules observed in, 9 
]>ro-amnion in, 35 
stomodaeum in, 99 
Ramon y Cajal, on posterior roots of spinal 

nerves, 75 
Ruthke, diverticulum of, 68 
on hypophysis cerebri, loo 
visceral arches, 103 
arterial arches, 147, 150 
posterior vertebral veins of, 153 
trabeculffi cranii of, 166 
Raubor, layer of, 17, 18, 22, n., 23 

on the mechanical theory of development, 24 
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Beceasas pulmonales (recesses ot the lungs), 

159 
Reichert on villi in earliest ovum, 55 

mantle of, 70 

on incns and stapes, 168 
Reid, John, on foetal circulation, 156 
Bein on the polar globules in the rabbit, o 
Bemak on bilamination of middle blastodermic 
layer, 23 

membrana rcuniens superior of, 32, 162 
Benal organs, embryonic ducts of, opening into 

allantoic pedicle, 46 
Benson on extrusion of part of nucleus of seminal 

cell, 12 
Bestiform bodies, 65 
Betina {reie, a net), origin from fore-brain, 38 

development of, 83, 86 

membransB limitautes of, 83, 86 

rods and cones of, 84, 86 

hexagonal pigmented epithelium o( 84, 
86 

central blood-vessels of, 85, 87 

ganglionic la^er, 86 

sense epithelium of, 86 
Betzius on the zona radiata, 7 
Bhomboidal sinus, 60 
Bibs, development of, 163 
Bodents, inversion of blastodermic layers in, 

Paterson on sympathetic in, 81 

nasal septum in, 95 
Bosenburg on Wolffian duct, 118 
Bound ligament, 126 

BUckert on coelom invagination in elasmo- 
branchs, 22, n. 

heart in Pristiurus, 136 



Sabatier, on origin of subclavian artery, 
150 

Eustachian valve, action of, 156 
Saccule, 78, 90 
Saccus reuniens, 139, 151 
Sagitta, origin of mesoblast in, 22 

Kowalevsky on, 24, 26 

mesenchyme in, 27 
Salensky on the stapes, 168 
Sauropsida (o-a^po, a lizard ; 04'<'» look), hyo* 

mandibular arch in, 168 
Scalcp {scala, a stair) of cochlea, 93 
Scarpa, gangliform swelling of, 78 
Schenk, on sympathetic nerves, 81 
Schmidt, on Thebesian valve, 141 
Schnciderian membrane, 81 
Schultze, M., on rods and cones, 86 
Sclerotic (cncATjfxJj, hai-d), 88 
Scrotum, 127, 128 
ScdgAvick, on Wolffian body, iis.n. 

Miillerian duct, 123 
Segmental tubes, 118 
Segmentation of ovum, complete, incomplete, 8 

main factors of, 9 

before fertilization, T4 

after fertilization, 16 
Selenka, on inversion of blastodennic layers in 
rat and mouse, 23 

cpiblastic connection of blastodermic vesicle 
with uterus, 53 
Semicircular canals, 78, 91 
Seminal coll, 12 



Septum lucidnm (transparent partitioa),t«itrielt 
of, 70 
spurinm, 141 
inferius, 141 
membranaceum, 142 
intermedium, 142, 144 
transverse, the, 159 
Serous cavities, 159 
Sexual cells, origin of, 14 

cotyqgation of, Minot*s theory of, 14 
Sinus arcuatus (arched hollow), 102 
venosus, 112, 138, 151 
urogenitalis, 123, 128 
Skull, formation of, 166 

chondrification of, 166 
Somatopleure (o^w/Lia, body ; ir\wpd, the side), 

35 

formation of, 36, 99 

origin of amnion from, 42 
Somites {(r&fia, body), mesobiastic, 4 
Spee, on connection of mesoblastic cleavage with 
notochordal canal, 34 

epiblastic origin of Wolffian duct, 118 
Spencer, Baldwin, on pineal eye, 68 
Sperm cell, 12 

Spermatozoon (arfytiUf seed ; fioy, animal), 
accession of, to ovum, 6, 9 

fertilization by, 1 1 

fate of tail of, 1 1 

maturation of, 12 
Spinal accessory, origin from basal lamina, 

60 
Spinal cord, development of, 57 

outermost layer of, 58 

anterior comu of, first rudiment of, 59 

columns of, 59 ' 

fissures of, 59 

anterior commissure of, 60 

dorso-lateral and veutix>-lateral laminie of, 
60 

filum terminale of, 60 

Cauda equiua of, 60 

growth of, pari passu with vertebral canal, 
60 

membranes of, 60 
Splanchnopleure {a'ir\dyx''op, the inwards ; 
wXtvpdi, the side), 35 

formation of, 36, 99 
Spleen, 108 
Spongioblasts {o'w6yyos, sponge ; fiXeurrSt, germ), 

58 
origin of neuroglia from, 61 

Stapes (a Stirrup), i6S 

Sternum, 163 

Stomach, 104 

Stomodsenm ((rrt^/Lia, mouth), 68, 99 

connection with nose, 95 

Strahl, on Wolffian duct, 1 10 

Stratum compactum, 49 

spongiosum, 49, 55 

Subchorionic membrane of Turner, 51 

Sulci of brain, primitive, 72 

principal, 73 

Sulcus, anterior limiting and lateral limitinsr* 

34, 35 
terminalis, 102 

Supra-hyoid glands, no 

-pericardial bodies, ill 

Suprarenal capsules, 120 

Suspensory ligament, 113 

Symmetry of form, 4 

bilateral, 4 
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SjinpaUietie gsnglia, 8i 

connection of^ with sapn-renal capsulesy 

122 



Tketh, 109 

TeffmeDtnm (a cover), 67 

Tefeosteans (rtXtoSy complete, i<rrior, bone), 

Wolffian duct in, 1x8 
Telolecithal ova (rcAof, end, and A^av^f, oil- 
bottle), 8, 27, 30 
Terminal sinus, 40 
Testicle, 117, 125 

descent of, 126, 127 
Testis. See Testicle. 
Textures, general, 1 

Thalamencephalon (BdXSfios, chamber, fyac^oXot, 
brain), 61, 67 

connection with optic stalks, 85 
Thebesian valve, 141 

Thomsen on ganglionic traces in third nerve, 77 
Thomson, Allen, on primitive aortse, 146 
Thymus (0^, to offer as a sacrifice), iii 
Thyroid (0up«^f,.a shield), X02 

formation of, no 

pyramid of, no 
Tiedemann on rhomboidal sinns, 60 
Tissues, general, i 
Toldt on mesentery of pancreas, 113 
Tongue, 100 

formation of, 102 

foramen cscum of, 102 

papillae of, Z02 

sulcus teruiinalis of, 102 
T^becnls cranii (trabs, a beam, diminutive oO. 

x66 
Trachea {rpaxos, rough), 1 10 
Trigonum olfactorium {rptywitos, triangular), 79 
Trophoblast {rpo^, nourishinent, /SAwr^s, 

germ), of Hubrecht, 53 
Tmncus arteriosus, 151 
Tuberculum impar (unpaired tubercle), 102 
Turner on placenta, 48, n. 

subchorionic membrane of, 51 
'^rpe, vertebrate^ main features of, 2 



Umbiuoal cord, 36, 43, 104, 122, 151 

Umbilical duct, 36 

Umbilical vesicle, 36 

Umbilicus (the navel), 43 

Urachus (ofyoy, urine ; Hx^* ^ hold), 122 

Ureter (o^p«o», to make water), 122 

Urethra, 122, 128 

Uriniferous tubules, 119 

Uterus, mode of attachment of ovum to, 46 

changes in pregnancy, 48 — 55 

regeneration of after parturition, 55 

formation of, 124 

bifid stage of, 124 

OS and cervix of, 124 
Uterus masculinus, X24 
Utricle (tUriculus, a little womb), 91 
Uvea (ut», a cluster of grapes), 84, 85, 86, 88 



Vagina (a sheath), 124 
Valve of Yieussens, 66 
f aaa aberrantia of Haller, 120 
faacular area, 39, 151 
lamina, 151 



Ydnsjazygos, 155 

cardinal, 151, 152, 153 

connection. of, wish heart, 138, 139 

iliac, 153 

inferior cava, 152, 153 

innominate, 153 

iatercostal, superior, 153 

jugular, 153 

jugular, primitive, 151, 152, 153 

primitive, formation of, 39 

portal and hepatic, 151, 152 

posterior vertebral, 153 

pulmonary, 144 

subclavian, 153 

superior cava, 151, 153 

umbilical, 138, 151, 152, 156 

vitelline, 39, 40, 112, 138, 151, 152 
Velum palati (curtain of the palate), 100 
Vena ascendens, 152 

Venae, advehentes and revehentes, 112, 151, 152 
Venous annulus of duodenum, 151, 152 
Ventricles, lateral, 62 

third, 62, 67 

fourth, 62, 66 

fifth, 70 
Vererbungsthcorie of Weismann, 14 
Vermiform appendix, 107 
Vertebra (verto, 1 turn), 2 

permanent, 162 
Vertebral column, development, 2, 162 

bodies, 2 

segments, 4 
Vertebrate type, 2 

Vesicles of the cerebral hemispheres, 61 
Vestibule, 78 
Villi {villus, shaggy hair) of chorion, 43 

vascularisation of, 44, 52 

connection with glauds of decidua, 47 

zone of, 55 
Visceral arches, formation of ossicles of ear from. 

^ 93 

first, or mandibular, loi, 102 

cephalic, t02 

second or hyoid, 102 

third or thyro-hyoid, 103 

palato-pharyngeal, 103 

post' and prse-buccal, 103 

blood supply of, 103 

cartilaginous bars of, 103, 166 
Visceral clefts, 103 

first formation of middle ear from, 93 
>£ephalic, loi 

iiyomandibular, 103 

fourth, formation of thyroid from, iio, iii 
Vitelline arteries, 40 

circulation, 40 

duct. 46, 104, 151 

membrane, 8 

veins, 39, 40, 112, 138, 151, 152 
Vitellus, structure of, 7. See Yolk. 
Vitreous humour {vUrum, glass), 83, 85, 87 

Wagner, macula germinativa of, 8 
Waldeyer on His' parablastic theory, 26 

placental sinuses, 52 

epoophoron of, 120 

germinal epithelium of, 124 
Weismann, theory of, 14 
Wcldon on supra-renal capsules, 120 
Wyhe, v., on Wolffian vesicles, 118, n, 

head cavities, i6z 

typical somite cavity, 161, n* 
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Wolff, C. F. , first suggestion of laminse in blasto- 
derm by, 23 

duct of, 115 
Wolffian body, 115, n., 116, 117, xi8, 122 

atrophic changes of, 120 

connection with testis, 120, 126 

veins of, 151 
Wolffian duct, 115, 116, 117, Xi8 

remnant of, in paioYarium, 120 

as duct of Gartner, 120 

male generative organs, 120 

permanent kidney, 122 

connection with Mullerian duct, 123 



Wolffian yesicles, 118, 118, n. 

Yolk, structure of, 7 
Bac, «, 99, 104 
vitelline circulation round, 40 

Zaoharias, polar globules in Ascaris, 9 
Zimmermann on arterial arches, 151 
Zona pellu/dda (transparent zone), 6, 7 

penetration of, by spermatozoon, z i 
Zonule of Zinn, 87 
Zuckerkandl, gyrus subcallosus of, 81 
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